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PREFACE. 



This little book has no pretension to be considered 
a complete treatise on telephony as it exists in Amer- 
ica. The time for such a work is not yet come. 
But it is felt that there is a demand for a practical 
book on telephone working and management, and 
THE TELEPHONE HAND-BOOK is an attempt at 
meeting that demand. With the exception of a few 
chapters dealing with certain forms of transmitters 
and receivers used in Europe, which are given for 
the information of those who are unfamiliar with 
other types of instruments than those used in this 
country, the book is based entirely on standard 
American practice; and most of the material, ap- 
paratus and methods described are peculiar to or 
have originated in this country. 

With the illustrations no time nor trouble has 
been spared to make them clear and intelligible, and 
of real service to the reader. The great majority of 
them have been executed especially for the book; 
quite a number have never been published before, 
others have appeared in the Electrical Engineer and 
Electrical Eevieto, generally in connection with my 
own articles. These latter have been re-drawn from 
the original material wherever possible. 

As this is the first practical book on American 
telephone methods, sins of commission and omission 
will no doubt be met with in its pages. Any sugges- 
tions or corrections, which may be addressed to the 
care of the publishers, will be received in a spirit of 
due modesty and thankfulness. 

JVeio For A;, August, 189^. 
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CHAPTER I. 

THE INVENTION OF THE TELEPHONE. 

1. The speaking telephone came into existence in 
1876, just eighteen ye&TS before these pages issue 
from the press. Prior to that time many inventors 
and experimenters had dabbled with the problem of 
transmitting sound to a distance; but Alexander 
Graham Bell actually solved it, and gave to the world 
the magnetic telephone, the foundation of the science 
and art of telephony. 

2. Mechanical telephones, effecting the transmis- 
sion of sounds by means of wooden rods and stretched 
strings or wires, are old, and mention is found of 
such devices as far back as the seventeenth century. 
But from the mechanical to the electrical transmis- 
sion of sound waves is as grieat a leap as that from 
the old method of signaling by semaphores and 
beacon fires to the electric telegraph. 

3. In 1837 Prof. Page, of Salem, came near to 
inventing the magnetic telephone when he discovered 
that a piece of iron would give out a sound when 
rapidly magnetized and demagnetized. This phe- 
nomenon, commonly called "Page's effect" (which 
is utilized to-day in certain forms of push buttons to 
indicate whether the bells they are connected with 
actually ring or not), was the subject of further 
experiments by others, but led to nothing in the 
direction of telephony. 

4. In 1854 C. Bourseul, a Frenchman, came 6ven 
nearer than Page by experimenting with a vibratory 
disk arranged so as to interrupt a battery current and 
operate another disk placed at a distance. Bourseul 
did not perfect his apparatus, but he got sufficiently 
encouraging results to prophetically and truthfully 
remark that he "felt certain that in a rcvo^^ «a\: X'k^^ 
distant future speech w\\\ \ife Vt^xy'&vccvXX^^ "^^"3 s^'e^^- 

tricity." \.^^ "Cc^*^ 

5. Philip Reis, a UeTm«L\\, «\'s.o ^\X^^>^^ 
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problem of producing an electric telephone, and did 
actually construct, between 1860 and 1870, an instru- 
ment, utilizing an interrupted current, that would 
transmit musical sounds; but he did not succeed in 
making a telephone that would talk whenever it was 
wanted to. 

6. In the sixties and seventies many scientists in 
various countries were at work in the direction of 
the goal which Bell reached in 1876. Professor 
Elisha Gray, the distinguished inventor of the har- 
monic telegraph and of the telautograph, ran Pro- 
fessor liell very close for the honor and glory of 
inventing a ])ractical, articulating telephone, and so 
closely did Gray's inventions correspond with those 
of Bell that the patents of both were eventually 
taken up by the company formed to exploit the Bell 
telephone. 

7. With Professor Bell's invention, which gave to 
the world the true method of electric transmission of 
speech and the most efficient instrument for utiliz- 
ing the method, the practical science of telephony 
began. The lucky inventor secured patents not only 
on the instrument, but also on the method of trans- 
mission. Of these patents, the control of which has 
given the American Bell Telephone company such 
an impregnable monopoly, one expired, in March, 
1893, and the other in January, 1894. 



CHAPTER II. 

SOUND WAVES. ARTICULATE SPEECH. 

8. Sound waves are produced in the air by the 
vibrations set up by any source of sound. The mole- 
cules, or particles of air, are thrown into a state of 
vibratory movement, and this movement Is passed on 
from molecule to molecule until it finally dies out 
through friction. Sound waves are communicated 
from the air to other materials, and the most dense 
substances are capable of responding to the vibra- 
tions set up in the air by sound waves and producing 
similar vibrations. Thus, a long wooden rod will be 
thrown into a state of vibration along its whole 
length by a sound made at one end, and the sound 
c^sja be djstjnctlv heard at the other end. \i\m\\«^.T\y , 
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if a disk or diaphmgin ot metal, wood or parchment 
be atUched to each end of a tightly stretched string, 
sounds made In front of one of the diaphragms can 
be plainly heard at the other, owingto the vibrations 
set up in the first diaphragm being communicated 
by the string to the second. 

0. Ot all kinds of sound waves, those produced 
by articulate human speech are by tar the most 
com[)licated. In the production of them the throat, 
vocal chords, mouth tongue teeth and lips all 




enter into play, and the result is not a simple sf 
waves or vibrations, such as are produced by musical 
instruments, liut an extraordinary combination of ex- 
tremely rapid vibrations with other vibrations 
superimposed upon them. Just as no two voices are 
exactly alike, so do no two persons in speaking pro- 
duce the same kind ot sound waves; and if curves 
could be drawn showing the form of IVuiwiNiii.*!.'*'*-^'^ 
produced by various voices, VVe'3 -«(iM\&.V>« '-5''^'' 

AUr^^ e^^m nnnU <^|-Un* -ut\4'V\ lVa\. WtrtxiftTVA^ "** 



differ fnim each other -wUl\ ttia*. -w-awaM^' 
that we see in faces. a\lho«g\v «» w^ ■«^**-^ ^ 
same number of featums. 
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10. It Is by Ihr- (luallly, or tiiubre. that we dia- 
tJDguish tlie vi)[ces of dilfer<'i)t iiulividualB, and ia 
addition Ici timbre, tlie waves i)roduced by artiouUte 
speech linve the cliuraclerlstica of pitch which 
depends on llie number of vibriitlons per second, 
and loailne»a, which dupends on the size of the vibra- 
tions. Thus, two tuning forks both of the same ptfcA 
will both Kivc out the enme note when struck, their 
rate of vibration \iv\ng tlie same: but if one is much 
larKcr than the other, its vibrations will be bigRer 
and the sound produced will consequently be louder. 




11. The lninian orsiins of sjieech contain every 
appliance necessary for setting up vibrations of 
widely varying rate, for increasing or diminishing 
the sixc of uie vibrations and for impressing on the 
vibrations that produce the prime sounds the neces- 
sarj' secondary vibrations to give tlie timhreot Inflec- 
" tlon requisite to form articulate speech. In the 
speaking of a single vowel or consonant all these 
different elements are called into action, and the 
vibrations set up number thousands per second, and 
ofeouMp are of the greatest possible do.licivcy. 
^S. To receive these complex and excessively t^pVi 
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vibrations and convey them to the hrain the h\ 
organism is provided with a sensitive apparatus c 
the ear. in which there lemuch more tlian meet 
eve of the casual observer. The tympanum, or d 



AND S1HFLE NOTE 

of the ear is the diaphragm that takes up the vibra- 
tions of the waves. Attached to Ihe tympanum, 
which is a sort of membrane tauLlv stretched across 
the inner part of tli.. far. is s chaiii of t.hrei. di-licate 
lillle bones til r j ma I tlie 

anvil. Thesf 1m s a p 1 a i by 

nerves, and tlhiuiwhim f to tym- 




little bones ai ■* \ At* \ »l 

13. This It, Ur\\. i^\.\^ ^5 

pJexjtj' of human apeecix aii'i"'^ ''""^ """■v^vtiX'-i'i 
naturaJ apparatus iiTovidcii Si>» ^^* ^""^ 
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reception is ^iven not merely for the sake of giving it, 
and of following the custom of writing introductory 
chapters of an elementary nature, but because it has 
an important bearing on practical telephony'. It 
shows that the problem of forming a connecting 
link through a wire between the voice and th« ear 
was one of remarkable difficulty, of such apparent 
hopelessness that most men, looking at it from this 
point of view eighteen years ago, would have pro- 




ttt; 







FIG. 5. ACTION OP CURRENT ON MAGNET. DOTTED 
LINES SHOW NORMAL POSITION OF MAGNET. 

nounced its solution impossible. The solution was 
found, however, and for the last seventeen years 
articulate speech has been transmitted along wires 
by means of electricity. Those engaged in providing 
for its transmission should always bear in mind the 
complexity of the organs of speech and hearing, and 
the delicacy of the sound waves they have to deal 
with, and should remember that the best possible 
work is not too good for telephony. It is the opinion 
of one of the most experienced telephone engineers 
in the country that every telephone man should know 
something of acoustics and of anatomy, and that such 
knowledge will help him in his work by giving him a 
greater interest in it,besides giving him many a useful 
hint as to the importance of attention to detail. 



CHAPTER III. 

ELECTRIC TELEPHONY. THE BELL TELEPHONE. 

14. The transmission of sound by electricity is 
effected b}' means of undulatory currents; that is, 
. currents continuously varying in strength and direc- 
) t/on. A sound wave produced by articulate apeecYv 
Ji^aj^ be represented by a wavy line now bendmg wp 
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and now downward, and with an infinite number of 
little humps and bumps at all parts of the main 
curves. In order, then, to reproduce such waves by 
means of electric currents, it is necessary to trans- 
mit currents having similar undulations and similar 
minute humps and bumps, and having also the same 
rapid variation of undulations that are present in the 
sound waves. See Fig. 3. 

15. The intimate relation between magneti,sm and 
electricity provides a means for producing these 
undulatory currents in the simplest possible manner. 
A steel magnet produces in its neighborhood what is 
known as a magnetic field. We imagine the air 
surrounding the magnet to be permeated by what are 
called lines of force, which radiate most thickly 
from the poles. If a wire be moved about within 
the influence of these lines of force, a current 
of electricity will be set up in the wire. If the wire 
be held still in proximity to the magnet and any 
change take place in the strength of the magnet 
(causing a change in the lines of force) a current will 
be set up in the wire. However slight the move- 
ment of the wire or the change in the strength of 
the magnetic field, currents will be set up in the 
wire. See Figs. 4 and 5. 

16. Professor Bell, in the course of his experi- 
ments, many of which are of the greatest interest as 





PIG. 6. SIMPLE TELEPHONIC CIRCUIT- 

showing the development of the electric speaking 
telephone, arrived at this combination. He took a 
steel bar magnet and placed at one end of it a spool 
wound with very fine insulated copper wire. In 
front of the end of the magnet, and very close to it, 
he placed a diaphragm of thin sheet iron. The ends 
of the coil of copper wire were connected to two line 
wires, which at their distant ^\v^%^<fe^^\<^v^'e^^'^'^''^^'^ 
con of a similar aTrang^m^ivX.. TV^ ^^^^^^^i^W 
bein^r thrown into a state ol N\\ixvvX\«^w x^s ^^'^ 
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waves produced near it, caused a succession of rapid 
changes to take place in the magnetic field surround- 
ing the coil of wire, thus setting up currents in the 
coil. As the changes in the magnetic field corres- 
ponded exactly to the vibrations of the diaphragm, 
which in turn were identical with the sonorous 
vibrations communicated to it through the air, the 
electric currents produced in the coil necessarily 
corresponded in all particulars to the sound waves. 
Consequently, these currents being transmitted 
along the line wire to the distant coil produced 
changes in the magnetic field there similar to the 
changes which produced them, resulting in a vibra- 
tory movement of the diaphragm, which, setting in 
motion the surrounding air, caused the reproduc- 
tion of the sound waves communicated to the first 
diaphragm. See Fig 6. 

17. A reference to the field of the Bell telephone, 
as shown in the diagram, Fig. 7, will help to make 




PIG. 7. FIELD OP BELL TELEPHONE. 

clear the following description of the theory of iis 
action, and also to emphasize some practical points in 
connection with magnet telephones. Thediaphram, 
being placed close to the magnet, becomes magnet- 
ized, and, as it were, part of the magnet itself, and 
the lines of force spread from the diaphragm back 
to the magnet, some of them passing through the 
coil. When the diaphragm is set in vibration by 
the sound waves directed to it, the lines of force are 
disturbed or distorted and the effect is to produce 
[.minute currents of electricity in the coil. It is 
probable that a movement of the diaphragm toward 
^^e magnet strengthens the part of the fteld in wYvVcYv 
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the coil is situated and condenses, as it were, the lines 
of force in that neighborhood, causing a current of 
one direction to be set up in the coil, while a move- 
ment of the diaphragm away from the magnet 
weakens that part of the field, spreading out the 
lines of force, and produces a current of opposite 
direction. This explanation is not held by many to 
contain the whole theory of the action of the Bell 
telephone, as it is considered that the effects pro- 
duced in the transmission of speech are too remark- 
able to be accounted for by the very feeble currents 
that can be generated in such a way. Researches by 
various scientists indicate that there is also molecu- 
lar disturbance in the diaphragm and magnet, which 
in part accounts for the wonderful efficiency of the 
transmission. 

18. Considering, however, solely the theory just 
explained, we see that to get good transmission we 
need: (1) a powerful magnet, so as to have a strong 
magnetic field; (2) a diaphragm capable of vibrating 
freely, so as to cause a wide range of variation in the 
distribution of the lines of force; (3) a wide, shallow 
coil, so as to place as much of the wire as possible 
within the influence of the lines of force that are 
subject to variation by the movement of the dia- 
phragm. These points are worth bearing in mind in 
the construction of magnetic telephones. 



CHAPTER IV. 

THE MICROPHONE. 

19. When the wonderful invention of Bell's tele- 
phone became widel}^ known other inventors set to 
work to devise electric speaking telephones on 
different principles, either with the object 
of eluding Bell's patent, or in order to transmit 
speech with greater effect. Professor Bell was so 
fortunate as to secure a patent on the method of 
transmitting articulate speech by means of undula- 
tory electric currents, and as it has not been possible 
to devise any other electrical substitute- lok^ 'yciXisv^ 
waves, this patent has \ip\\^\^ \Xv^ ^'^^ <twsx^^"^^^.^>^ 
its impregnable posVUoxv-. ^viX> ^VOcv'^^^^ ^^^^^ 
telephone has served a^ XiV\^ V^^' ^^»<^ '^^^ ^^ , ;^ 
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monopoly it did not prove to be an efficient trans- 
mittef for lines of any considerable length, and it is 
unquestionable that the battery or microphone trans- 
mitter was one of the principal factors in rendering 
telephone communication a commercial success. 

20. Count du Moncel, the eminent French 
scientist, discovered long before the invention of the 
battery transmitter that the resistance of two con- 
ductors in contact with each other varied in accord- 
ance with the variation of pressure at the point of 
contact. This phenomenon must have been a 
familiar one to electricians from the earliest times, 
as everyone knows that a binding post loosely screwed 
down is liable to introduce extra resistance into the 
circuit, and that in open circuit telegraph working 
the key must be firmly pressed down to get good 
signals. But practical applications of it prior to the 
invention of the telephone were scarcely thought of, 
although it is true that M. Clerac, an official of the 
French telegraph service, constructed in 1866 a varia- 
ble resistance by putting carbon in a tube so that it 
could be compressed from the ends. This combina- 
tion is used to-day in rheostats, or variable resistances, 
for various purposes. 

21. It so happens that carbon is the substance 
that exhibits to a most marked degree the property 
of change of electrical resistance with change in the 
pressure at the point of contact, and Edison directed 
his attention to this in his experiments for the pro- 
duction of a telephone transmitter that would talk 
louder than Bell's magnet telephone. As a result of 
extended experiments on various kinds of semi- 
conductors, Edison devised in 1878 a form of carbon 
transmitter shown in Fig. 8. It consisted of a small 
disk of compressed lamp black placed between two 
conducting metal plates, one of which carried a 
button of bone or ivory which pressed against the 
diaphragm of the instrument. The carbon disk was 
placed in the circuit by connecting wires to the 
upper metal plate and to the metal case of the instru- 
ment, in metallic connection with the lower plate 
through the adjusting screw. When the current 
from a battery was passed through this instrument 
^Jie changes in pressure on the carbon disk \iTo\>^>Di\. 

sl?o^( i»y the vibpation of the dlap^iiagm, c^uvi^m^ 
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corresponding changes in the reaiatancc of the car- 
bon, transformed the steady current into one having 
an undulatory character, and it was found that this 
transmitter connected to a Bell lelephune as a re- 
oeiver gave clearer articulation, and much greater 




volume of sound, than was obtained by using a Ball 
instrument as a transmitter, 

33. Professor Hughes, the famous Anglo-Ameri- 
can electrician, who is one of the cli'verpst experi- 
menters in the electrical world, took up (,V« 's^to'^w*. 
of the variable resistance iix cchAbjcX* ^viVse't^ '^a' 
dactots. He established iVie i;iT\'c\'iv\.\': *'*-'^^^^^^^ 



o obtain the mttj 



a cSecX. \itic cotiVsi-t:^ ^ 
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hone one. Working on these lines he produced an 
instrument which he called the microphone, because 
he considered that it accomplished in acoustics what 
the microscope does in optics. It is a notable feat- 
ure of Professor Hughes' experiments that he pro- 
duces the most beautiful effects with the simplest 
possible means. His apparatus is generally made up 
of cigar boxes, wire nails and similar every-day ma- 
terials. A very efficient form of microphone was de- 
vised by him as shown in Fig. 9. Two wire nails 
inserted in a circuit containing a battery and a Bell 
telephone were bridged across by a third nail. The 




FIG. 9. HUGHES WIRE NAIL MICROPHONE. 

sound of a watch or a clock ticking in the neighbor- 
hood of the nails was heard distinctly in the tel(^- 
phone, and even sounds of the voice could be heard. 
In Fig. 10 is shown a much more delicate micro- 
phone, formed by a stick of carbon with pointed 
ends bearing in two carbon blocks. This arrange- 
ment, attached to a sounding board, or diaphragm, 
of thin wood, as shown in Fig. 11, made a most 
perfect telephonic transmitter, capable of making 
the most feeble sounds imaginable quite audible in 
the receiver connected in the circuit. 
23. These experiments on the m\CTOY>\\owe. ^Vvovj^d 
^Aat for a telephone transmitter madvi nvVVVv -d. vi^\\>o\\ 
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disk or button a most im|>oriunl |K)iiit was that the 
contact should be a loose oue, and (hat the initial 
pressure brought to bear on the carbon should be aa 
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light as possible. Hutches did not patt'iit his i 
tion, but carbon transmitters constructed oi 
prlDciple that he discovired weri' ]mtcnted in va 
countries, Evtry conceivable variatiuii was 




FIfl. 11. HUOHBS CARKON UICBOPnONE WITH 

OD the original microplionc, ami oaclKitiv*i.w^^'»i"'^*-'^- 
disks and buttons were en\\Ai>wi\ sXwftVs" , vft ■wtw*. ■\^■■ 
malUple arc, and in (ill mimttl'T ^>t cvimWma.'AiaVL*. ^" 
tblacoiiiitry tin- Itlaki' iiinlrumi-ivV •wVW'. Vw^*«- 1^'^'-'^-* 
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(to be described later) soon superseded the Edison, 
and has been for years the standard transmitter for 
local service. 

CHAPTER V. 

CURRENT INDUCTION. ELECTRO-MAGNETIC INDUC- 
TION. 

24. When a conductor through which a current 
is passing is approached to another conductor a 
current will appear in the latter. This effect is called 
induction, or, more correctly, current or electro- 
dynamic induction, and is utilized in various ways 
in the applications of electricity. There are various 
points to be remembered in connection with current 
induction between wire and wire. These can be ex- 
plained by reference to the accompanying diagram, 
Fig. 12, which shows two circuits, one composed of 




A 

PIG. 12. CURRENT INDUCTION. 

a wire connected to a battery through a key, the 
other a wire connected to a magnetic telephone. We 
will call the first, or inducing circuit, -4, and the 
second, or induced circuit, B. 

25. At the moment of closing the circuit A a 
current is induced in B. This current is only 
momentary, and no further effect is produced in B 
if the current is kept flowing with the same strength 
in A. The momentary induced current in B is 
always of the opposite direction to that of the current 
flowing in A. If in B we insert a galvanometer in- 
stead of a telephone, and change the ends of the 
circuit A so as to reverse their connection to the 
poles of the battery, each change will produce a de- 
flection of the galvanometer needle opposite to the 
previous one. When the circuit A is broken and the 
current interrupted another momentary induced 
current appears in B, this time in the revt^rse duec- 
tion to that produced by closing t\\e c'ueuW. "^vi 
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that if we successively close and open the circuit A 
we shall produce a succession of currents of reverse 
directions in the circuit B. 

26. If we keep the circuit A closed but insert in 
it a resistance that we can vary at will, then by in- 
creasing and diminishing this resistance we can pro- 
duce currents of opposite directions in B. A sudden 
decrease in the resistance of A induces a current in 
B of the opposite direction to that flowing in A, 
while a sudden increase in the resistance of A in- 
duces in ^ a current of the same direction. 

27. If we keep the circuit A closed but move it 
bodily nearer to 5, we induce a current in B of the 
opposite direction to that flowing in A, and if we 
move it away from B we induce in -6 a current in the 
same direction. 

28. If A is made of thick wire and B of thin wire, 
the electromotive force, or pressure, of the currents 
induced in B will be higher than the original electro- 
motive force acting on A. Conversely, if ^ be the 
thinner wire and B the thicker, the currents induced 
in B will have a lower electromotive force than that 
acting on the circuit A. 

29. In practice it is usual to call A the primary 
wire, or circuit, and ^ the secondary wire, or circuit. 
Using these terms we will sum up what has been 
already explained as follows: 

(1) The appearance of a current in the primary 
wire induces a current in the secondary wire in the 
opposite direction. 

(2) The interruption of the current in the primary 
wire induces a current in the secondarv wire in the 
same direction. 

(3) A decrease of resistance in the primary circuit 
induces in the secondary circuit a current in the oppo- 
site direction. 

(4) An increase of resistance in the primary circuit 
induces in the secondary circuit a current of the 
same direction. (Of course a decrease of the resist- 
ance in the primary circuit is equivalent to an in- 
crease in the strength of the current flowing therein, 
and vice versa, so that an increase in the %V5Vi.w>^N^ ^\ 
the primary current will pvoOiwc^ Wvvi '^^^tcv^ ^^'si^ ^^ 
the secondary circuit as a decxea?*^ e>\ t^"?\^V'8^^^*^- ,^^^ 

(5) A movement of the prVrcvvxtx v^vvewW-V'^^'^^'^ 
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secondary will induce in the secondary a current of 
opposite direction. 

(6) A movement of the primary away from the 
secondary will induce in the secondary a current ia 
the same direction. 

(7) By making the primary of thick and the 
secondary of thin wire the electromotive force of the 
induced currents will be higher than that of the 
primary current. 

(8) By making the primary of thin and the second- 
ary of thick wire the electromotive force of the 
induced currents will be lower than that of the 
primary. 

30. Electromagnetic induction is strongly akin 
to electro-dynamic, or current, induction, the prin- 
ciples of which we have just examined. If we move 
a magnet in the neighborhood of a wire a current is 
induced in the wire. By approaching one pole of 
the magnet to the wire we get a current of one direc- 
tion, and by approaching the other pole one of 
opposite direction. . Similarl}^ if we bring a wire in 
which a current is flowing near to a magnet sus- 
pended by a thread or supported on a pivot, we cause 
a movement of the magnet, and by reversing the direc- 
tion of the current in the wire we reverse the move- 
ment of the magnet (see Fig. 5). If we surround an 
iron bar with turns of wire and send a current 
through the wire, we cause the bar to become a 
magnet, and as long as^ the current is kept flowing 
the bar will exhibit the properties of a permanent 
steel magnet; but it becomes inert again the moment 
the current is interrupted. 



CHAPTER yi. 



THE INDUCTION COIL. ITS USE IN THE TELEPHONE 

TRANSMITTER. 

31. In the course of Edison's experiments with 
carbon transmitters he found that by making his 
variable carbon resistance part of a primary cir- 
cuit, including a battery and a coil of thick wire, 
and causing this coil to induce currents in a secondary 
coil of thin wire the ends of wV\icV\>jveTeeoYv\\<iiiVe,^Vo 
the line, he got very much better elXecXs \.\v'a.w ^'\W\ 
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the battery and variable resistance in the main 
oircuit. 

32. This was quite an important discovery, and 
the induction coil has since formed an indispensable 
part of almost all battery telephone transmitters. A 
reference to the diagram, Fig. 13, will help to explain 
this arrangement. It will be seen that there is an 
entirely separate or local circuit made up of the car- 
bon resistance, the thick, or primary wire, of the in- 
duction coil and the battery. The ends of the fine, 
or secondary wire, of the induction coil are con- 
nected to the line and, consequently, to the receiver 
at the distant station. Edison found that by making 
the primary circuit of very low resistance, using a 
comparatively few turns of thick wire in the primary 




it=i8 



FIG. 13. DIAGRAM OF TRANSMITTER. i> DIAPHGRAM, T 

VARIABLE RESISTANCE, B BATTERY, P PRIMARY OP 

INDUCTION COIL, 8 SECONDARY, R RECEIVER. 

coil, and a large number of turns of much thinner 
wire in the secondarj' coil the effects of the variation 
of resistance in the primary circuit were much 
magnified or intensified in the induced currents set 
up in the secondary coil. These induced currents 
being sent out to line resulted in a much more effect- 
ive transmission than had before been achieved. 

33. From what has been said in the foregoing 
chapter, it will easily be understood why the induc- 
tion coil works so well in telephony. We know that 
changes of resistance (equivalent to changes in the 
strength of the current) in the primary circuit induce 
currents in the secondary circuit, and we know that 
with a thick primary and tl\\ivs^coYv'\^^^' >«vt^\w^\^R,^^ 
rwrren fs of increased eleclTOTCvoV\\^lo\v:^^^^^N^N^^« "^«^^ ^ 
ifin OUT telephone trau^mVU^t n^^ ^\o^w^^ nXv^n-^xvsw- 
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tions of resistance in a primary' circuit having a very 
low resistance to begin with, we effect the maximum 
range of variation in the strength of the current 
flowing in that circuit. These variations are faith- 
fully transmitted to the secondary coil by the cur- 
rents they induce in it, and as the secondary coil is 
of fine wire there is the additional effect that the 
induced currents are of high electromotive force, and 
therefore capable of overcoming a greater resistance 
in the line and producing more sensible effects in 
the receiver than the battery current possibly could. 
34. The construction of the induction coil is 
shown in Fig. 14. It was found that the effects of 
current induction are increased if the coils are wound 
on an iron core made of a bundle of fine iron wires. 
The iron is magnetized and demagnetized under the 
action of the current, and as the relations between 
magnetism and electricity are at all points so intimate, 
it is not at all surprising that the presence of the mag- 
netic field set up by the magnetism of the iron core by 
the current in the primary coil should have a reflex in- 
fluence on the inductive effect of the primary coil on 
the secondary. This reflex action is of considerable 




I 



FIG. 14. INDUCTION COIL. 

importance to the results produced by the coil, and 
it is still further increased if the coil be inclosed in 
an iron box. 

35 The usual form of induction coil, as shown in 
Fig. 14, consists of a number of turns of coarse insu- 
lated copper wire wound on a spool through 
the centre of which is passed a bundle of 
fine soft iron wires. The magnetic core of the in- 
duction coil is made in this wa.y because the iron in a 
divided state loses and gains its magnetism under 
the influence of the current much more rapidly than 
wouJd A solid bar of iron; with tlae bwivOLY^^ ol ^Vc^ 
PAe changes in magnetization ate nvoiei tOotwxA — 
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drisper, as it were — while a solid rod would be slower 
to become magnetized and slower to reverse 
or lose its magnetism, rendering the action 
of the coil sluggish. Over the winding of coarse 
wire, which is the primarj^ of the induction coil, is 
placed an insulating covering of silk or paraffined 
^^^^j^jj^^j,^ paper, and above this is wound 

^, much finer insulated copper 
Q,^ A A A A 1q wire, which constitutes the 
^V V V V Xf^ secondary winding. 

IVi«*ijf. 36. A great deal of experi- 

PIG. 15. DIAGRAM OP "tenting has been done todeter- 

TWTiTTr.TTrt'w n^-kTT minc thc most suitable forms 

of induction coils for different 
kinds of transmitters, and probably a great deal 
has yet to be done in this direction, as the induc- 
tion coil is a most important part of the telephone 
circuit as long as carbon transmitters remain in 
use. With the Blake transmitters the resistances of 
the windings of the induction coil generally used are, 
for the primary coil, about .5 ohm, and for the 
secondary about 250 ohms. About 180 turns of No. 
23 B. W. G. wire are used for the primary, and over 
4,000 turns of No. 28 B. W. G. for the secondary. 

37. For other types of transmitters, and especially 
for those used for speaking over very long circuits, 
induction coils of widely different proportions hav« 
been devised. In these coils special attention has been 
paid to the question of the magnetic effect of the core 
and of reinforcing this effect by greatly lengthening 
the coil and core and enclosing the coil in an iron box 
or cylinder. With coils of this design quite good results 
are obtained with 14 ohms resistance in the second- 
ary winding and about .4 ohm in the primary. Fig. 
15 shows the conventional drawing used to represent 
an induction coil in diagrams of telephone circuits. 



CHAPTER YII. 

THE COMPLETE TELEPHONE CIRCUIT. 

38. We have already discussed the theory aad 
principle of the electric telephone, the m.vctQ>^Vi«Vk»k 
transmitter, and of the iudwclUm coW ^v."^ ^>^^\^^ ^» 
telephony. The accompa\\y*u\g Oa^^tvov, v\%. ^^> 
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shows clearly the different elements in the speaking 
circuits of a telephone line and their relative arrange- 
ment. Each station has a transmitter, consisting 
of a variable resistance connected in circuit with a 
battery and the primary winding of an induction 
coil: an induction coil, the secondary winding of 
which is connected to the line, and a receiver, con- 
sisting of a Bell telephone, which is connected in 
series with the line wire and the secondary winding 
of the induction coil. 

39. It will be noticed that the variable resistance 
of the transmitter, which is acted on by the sound 
waves directed to the transmitter diaphragm, the 
battery and the primary winding of the induction 
coil form an entirely local circuit having no metallic 
connection with the line wire. The actual circuit 
through which the voice currents travel consists of 
the secondary windings of the two induction coils 



* 
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PIG. 16. DIAGRAM OP COMPLETE TELEPHONE CIRCUIT. 

T TRANSMITTER, B BATTERY, P PRIMARY, 

S SECONDARY, R RECEIVER. 

and the two receivers. From this it is evident that 
at all times there are two coils in the circuit that are 
for the moment useless, the receiver at the speaking 
end and the secondary' of the induction coil at the 
receiving end, and as extra resistance of course 
tends to lower the quality of transmission, arrange- 
ments have been proposed for the purpose of cutting 
out the secondary winding of the induction coil at 
the listening end and the receiver at the speaking 
end. But in conversation the listener changes so 
often into the speaker, that in practice even the 
handiest form of switch for such a purpose soon be- 
comes a nuisance, and such devices are only used on 
long-distance instruments, where a button is pro- 
vided for short-circuiting the secondary coil when 
listening. For short-distance work it is found better 
to put up with the extra resistance and Te\«An W^^ 
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simplicity of action of the ordinary tclophonc instru- 
ment. 

40. The fact that the receivers are always in 
BerieB is found to be rather a convenience in test in;: 
the condition of the primary circuit of a telephoiii? 
set, as by the amount of *'side tone'' obtained in 
the receiver by talking to or tapping? on the trano- 
mitter, the state of the battery, transmitter, contacts, 
etc., can, with a little practice, easily be gauged. 

41. In this chapter we have been considering 
simply the elements of the talking circuit of a tele- 
phone line. The signaling apparatus, or call bells. 
will be treated of later. 



CHAPTER VIII. 

MAGNET TELEPHONES. 

42. All magnet telephones — that is, telephones 
employing permanent magnets and iron diaphragms — 
are simply variations of the original Bell instrument. 
The Bell telephone even in its simplest form is a 
most wonderfully sensitive instrument. Many ex- 
periments have been made with a view to determin- 
ing exactly how sensitive it is, or what is the 
minimum amount of current that will produce a 
sound in the telephone. Mr. Preece has found that 
an ordinary receiver will respond to a current of six 
ten-thousand-millionths of a milliampere. In other 
words, the current absorbed by a sixteen candle 
power incandescent lamp would be sufficient, if sub- 
divided into such minute currents, of producing 
sounds in thirty billion telephones. It is obvious that 
nothing remains to be done in the way of improving 
the delicacy of such an inconceivably sensitive instru- 
ment. It is the opinion of Professor Silvanus P. 
Thompson that we ought, on the contrary, to use less 
sensitive receivers and more powerful transmitters. 
Buch receivers, he argues, would be less responsive to 
foreign currents that invade telephon(> lines, and 
would still be operated by the voice currents from 
powerful transmitters. This suggestion has not 
been ado])ted, as, although more powerful trans- 
mitters have been introduced from time Us \.vkv^> 
no use has been made, ol \o?.s ?^v>w^5W\n^. \v-^:.v^"^Nvx'^. 

43, The modincivlionH V\\\v\. Vww^Vivviw \cv'a.v^^ \>x ^^^'^^ 
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Bell telephone have been in the direction of making 
it more powerful, so as to enable it to reproduce more 
clearly the delicate overtones, or timbre vibrations 
of the human voice, and to give louder and more 
distinct articulation generally. Any modifications 
that can be made in such a simple instrument are 
obviously limited to very few directions. The mag- 
netic field can be strengthened by using a stronger 
permanent magnet; the amount of wire in the coil 
under the influence of the magnetic lines of force can 
be increased, and the diaphragm can be made more 
responsive to vibrations, and its vibrations productive 
of greater effect on the coil. This last naturally 
follows from strengthening the field, because, as the 
diaphragm is magnetized by induction from the mag- 
net, a stronger magnet will magnify the effect of 
the vibrations of the diaphragm on the coil. Any 
alteration in the thickness of the diaphragm with 
the idea of rendering it more responsive to vibrations 
has practically no effect. Indeed, it has been found 
that telephones will speak well even with diaphragms 
several inches thick, and this lends considerable 
weight to the theory that molecular disturbance 
plays an important part in the action of the telephone. 
We find, then, that modifications of the magnet 
telephone are practically limited to the magnet 
and the coil, and it is in this direction that improve- 
ments have been made, as we shall presently see. 



CHAPTER IX. 

THE BELL TELEPHONE RECEIVER. 

44. It was a very short time after the invention of 
the telephone that the Bell instrument developed 
into the form in which it is so well known in this 
country. The early forms, as we know, were made 
with a horseshoe magnet attached to a baseboard, 
the diaphragm placed upright opposite the polos, 
and a mouthpiece mounted in front of the dia- 
phragm. 

4.5, It was found that a large air chamber betweiMi 
the mouthpiece and the diaphragm rendered the 
articulation indistinct, and the first improvement 
was in the shape of the mouthpiece, and in reducing 
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the air chamber between the mouthpiece and the 
diaphragm to very narrow limits. The best results 
were obtained 'by giving the mouthpiece a very 
narrow orifice, procuring a thin layer of air between 
the diaphragm and the cap, with a small opening in 
the centre of the cap or mouthpiece. This arrange- 
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FIG. 18. MAGNET OF SINGLE FIG. 17. SINGLE POLE 
POLE RECEIVER. RECEIVER. 

ment gave the sonorous vibrations their maximum 
effect on the diaphragm; and this is a point to be 
borne in mind in the construction of magnet tele- 
phones. 

46. The horseshoe form ol m«Lg,wviV ^^v.'a. ^\^q>^^^^ 
and a bar magnet substituted. Tl\v\^ ^^^ vix^oX^'^'^^"^^ 
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a enee, which protected llic magnet and coil, nn<\ at 
the same lime served &b a handle by which lo liuld 
the instrument. So the hand telephone, or receiver, 
which is used throughout the United States, was 
evolved. With one exception Che modiflcalions that 
have been made in it during the last sixteen years 
have been merely in the minor mechanical details 
and in the improvement of the quality of the materi- 
als used. The only attempt to improve thi' electrical 
efficiency by any change in the design has been in 




the use of magnets presenting two poles to the dia- 
phragm instead of only one. The two-pole receivers 
are more expensive to malvo than tlie single polo, 
and are not much used by the telephone companies 
except for long distance work. In all ordinary situ- 
ations the single pole receiver gives excellent results. 
It projierly made and pul together there is no 
reason why it should not, and any defects in 
a telephone installation are more likely to be found 
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in any other part of the equipment than the re- 
ceiver. 

47. The single-pole receiver is shown in Fig. 17. 
The magnet is made of the best quality of steel. It 
is 4i inches long, and is built up of four strips separ- 
ately magnetized (Fig. 18). It should hold up a 
weight of 16 ounces. At one end 
is fitted a soft iron pole piece to 
hold the hardwood spool on 
which the coil of insulated cop- 
per wire is wound, and at the 
other a piece of iron threaded for 
the adjusting screw. The wire 
generally used is No. 38 B. & S., 
insulated with silk, and the coil 
is wound to a resistance of 75 fig. 19 b. 'opera- 
ohms. The diaphragm is iJq tors* head tele- 
inch thick and about 2i inches phone. 

in diameter. When the dia- 
phragm is clamped down by screwing on the mouth- 
piece its lower surface is about ^ inch above the 
surface of the pole of the magnet. The containing 
case is made of hard rubber. Fig. 19 shows the 
double pole Bell receiver made with a magnet pre- 
senting both poles to the diaphragm, each pole 
carrying a coil. Each coil is wound to a resistance 
of 65 ohms, making a total resistance in the double 
pole receiver of 130 ohms. Fig. 19a shows the 
"watch" form of receiver used for short line work, 
and Fig. 19b the operator's head receiver used in 
exchanges. 

CHAPTER X. 
other forms of magnet telephones. 

48. In Europe considerable attention has been 
paid to modifications or variations of the Bell tele- 
phone with the object of producing more powerful 
Instruments than the ordinary hand receiver. As 
has already been pointed out, practically^ the only 
direction that such modifications could take would 
be a difl'erent design of the parts, such as a strength- 
ening of the magnet, because the principle remained 
the same and was not to be improved upon. A difi*er- 
ent arrangement of magnet and coil is the t«d'd.l\\:t^ «^V 
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all the various magnelic telephones that have be«» 
produced by various ex per im enters, and it muat be 
confessed that but few of these instruments offer any 
considerable advantage over the standard r 




unless the}* be intended for use as transmitters, when, 
. of course, a more powerful instrument is desirable. 
Only a few forms, therefore, such as can be used 
very effectively for transmitters over lines of moderate 
length, will be described. 
49. In Fig. 20 is shown the form of magnetic tele- 




phone designed by the late George M. Phelps 1 

It is made up of two diaphragms which act i 

coils placed on the opposite poles of the s 

net. The idea was that as several telepho: 

Heeled to series on a line woMld •sa.cli a 
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distinctly as receivers, by combining Beveral dia- 
phragms and coils ill one instrument a very powerful 
telephone could be constructed. The telephon* 
shown in Fiij, 30 cotisists of a steel magnet of oblong 

form to the poles ol which are 

attached pole pieces carrying 
the coils. In front of each coil 
, a diaphragm is placed, the 
■ space iMtween these diaphra- 
' gms being partly filled up by a 
solid block of Insulating ma- 
terial and by the mouthpiece, 
leaving a small air chamber in 
front of each diaphragm. This 
telephone gave excellent re- 
sults, the articulation being 
loud and clear. The same may 
be said of the "crown" receiv- 
, . ers, ahown in Figi. 21 and 33, 

Fio. 23. GOLOUBiTZKY also invented by Mr. Phelps. 
TELBPHONB. ^" these instruments a number 
of steel magnets were arranged 
in the form of a crown, all the poles of one denomi- 
nation centering at the iron pole piece carrying the 
coil and the opposite poles being joined tu the rim 
of the diaphragm. 

50. Following up the principle that guided Mr. 
Phelps in making these Instruments, the strengthen- 
ing of the magnetic field, Goloubitzlcy put forth in 
Europe, in 1883, the form of magnet telephone shown 
in Fig. S3. It has two horseshoe magnets, giving four 
poles, and consequently creating a strong magnetic 
field about the diaphragm. The two pairs of coils 
belonging lo the two magnets are connected in series, 

51. All of these telephones are capable of giving 
very good results, but are expensive to construct on 
account of the number and form of the magnets em- 
ployed. 

CHAPTER XI. 




'8 HEAD RE.C5.V4fB., 

le verv ear\v ■moa,\ftcR.V\oaft '^^J^*J^\ 
that designed \)v.' ^iD-«M. ^^'* 
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very good form of receiver, und has been adopted by 
the British post office for use in the telephone sys- 
tems operated by that department. As will be Been by 
Fl(^. 34 and 25. a seiai- 
circularmagnet is used, 
presenting both poles to 
the diaphmgm. The 
pole pieces that curry 
the coils are ot soft iron 
and are mounted perpen- 
dicularly on the magnet, 
magnet is enclosed 
circular brass caae, 
he inner side of the 

. . r of which, asshown 

tR. in Fig. 24. the iron dia- 
phragm is attached, A 
rubber ring, or gasket, is placed between the dia< 
pl.iagm and the cover to provide the usual air 




/ 




chamber. Tti a abort tube extending from the center-- 
of the cover IS attached a piece olotdXn&fS a.co\i%\.\o 
tubing terminating in an earpiece. TXie t'»'''''>'"' >» 
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not intended to be held in the hand, but is generally 
fixed underneath the case of the transmitter, one 
or two of these tubes being provided for listening. 
(Fig. 25.) 

53. The Ader receiver is used almost exclusively 
in France, and has been adopted to a considerable 
extent in other continental countries. It is a double- 
pole instrument, a strong semi-circular magnet being 
employed. The magnet is nickel plated and serves 
as a handle. The principal improvement introduced 
by M. Ader lies in the use of an iron ring placed 
above the diaphragm. This serves to increase the 
magnetic induction of the diaphragm by the magnet. 
M. Ader calls the ring the ''super- 
exciter." Its effect is based on 
the principle that the magnetic 
induction between the mr-gnet 
and its armature is increased by 
increasing the mass of the arma- 
ture, the induction being greatest 
when magnet and armature are 
equal in mass. The "super-excit- 
ing" effect of the soft iron ring 

reinforces the magnetic action of 

the diaphragm and in no way fig. 26 ader re- 
interferes with its vibrations, ceiver. A su- 
This form of telephone is a re- per-excitkr. 
markably efficient one. There is 

no reason why the principle employed should not be 
carried out a little further by making the entire 
mouthpiece and cap of soft iron. The iron mouth- 
piece, of course, would have to be magnetically insu- 
lated from the field magnet. Fig. 26 shows a 
sectional view of the Ader receiver. 

54. The D' Arson val receiver is another double-pole 
instrument, in which, by an ingenious arrangement, 
a single coil is completely included in the magnetic 
field. It should be borne in mind that in double-pole 
instruments the wire on the coils is only partly within 
the field created by the magnet. The most intense 
magnetic field is directly between the two poles,- and 
only the wire on the inner part of e«.cVv vi,Q>\\^ <i>>aN» }^"^. 
lines of force. ConsequenUy , mo^e; \a\v%x\ ^"^^"^'^i-^'V;, 
the wire on each coil is ptacUc^AV^ ^^^\.^^ ^J ^ ^^;:^. 

jaduction is concerned, me^eX-y «.^xn'\w^ *^^ 
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D AHSOSVAL RECEIVER. 

n poiepkCL th<tt serves us tlii> core of the 
111, und Ihe oihcr in an iron box, or cylinder, that 
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completely encloses the coii. The two poles are mag- 
netically insulated from each other by the wooden 
oaae, to the upper part of which the diaphragm ia 
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clamped by the mouthpiece in the usual way. Figs. 
27 and 28 give a clear representation of this interest- 
ing form of telephone. It will be seen that the coil 
is completely within a concentric magnetic field, and 
therefore is exposed to maximum induction. As just 
suggested in reference to the Ader receiver, a soft 
iron mouthpiece would probably add appreciably to 
the efficiency of this instrument. 

55. The '*bi-telephone" designed by M. Mercadier 
is an ingenious arrangement of head receiver. As 
shown in the illustration, Fig. 29, it consists of two 
very small receivers provided with small rubber ear 
pieces after the manner of a phonograph attachment, 
and held together by a flexible steel spring. The 
spring connects the coils of the two receivers in 
series; it can be magnetized, and then also serves to 
re-inforce the magnets of the receivers. This instru- 
ment gives extremely clear articulation, and is ex- 
tensively used in France. The small receivers 
weigh about H ounces each, and the instrument is 
not found at all unpleasant by the operators. The 
illustration shows a general view of the complete 
instrument and a section of one of the receivers. 
The outline sketch in the righthand, lower corner 
shows the form of soft rubber nipple that has given 
the most satisfaction. The nipple is slipped over 
the earpiece. 

CHAPTER XII. 

the siemens, kotyra, neumayer and bottchek 

receivers. 

56. The Siemens receiver, which is used extens- 
ively in Germany, does not differ greatly, except in 
details of construction, from the double pole Bell 
receiver used in this country, and it is a more 
unsightly instrument. A rather wide horseshoe 
magnet is used having two small steel plates attached 
at the poles which carry the soft iron pole-pieces, 
allowing the coils to be brought verj' close together, 
as shown in Fig. 80. Two small wooden blocks are 
forced between the arms of the magnet, and these 
serve as cleats for the wires from the covV%, >^\C\Ocv 
terminate at two binding \^o^\.^ o^ ^x^o'O^^'i 
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block altftched to the base plate. Through 
the base platfl and block [lasspa the adjusting screw 
by means of which the magnet can be raised or 
lowered in relation to the diaphragm. An iroD 
staple is dxed to the base plale for hanging the re- 
ceiver up by. The containing case ia made of sheet 
Iron with a wooden mouthpiece lined with brass. 
This is a very efficient form of receiver, and is quite 
powerful enough to be used as a tranamittpr. It Is 




FIGS. 30 AND 



rather an expensive instrument, owing to the numer- 
ous parts and different materials employed. 

57. One of the main objections to double-pole 
telephones is the costliness of good horseshoe mag- 
nets, which are not easy to make. Kotyra's 
telephone aims to surmount this dilTiculty by the 
device of using a doublu-iwile magnet built up at 
bar magnets. In Fig. 33 is shown a form of re- 
cei'ver made on this plan, having: a, horseshoe shaiwd 
taafnet built up of a number ol sltin.* ol nvagwe\,ViR4. 
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aleel in such a manner as to give two aeparate poles, 
to which are attached the iron cores of the coila. 
Another and simpler form is made by building the 
magnet up of separate strips of different sizes, a 
much cheaper arrangement than the first. In fact, 
the horseshoe magnet built up of strips seems rather 
to defeat the idea of cheapness; but it is claimed 
that, as no forged pieces are required, such an instru- 
ment can be made very cheaply. Building up K 
magnet of strips of magnetized steel is, moreover, 
good construction, as such a magnet, commonly 
called a laminated mag-net, retains its Strength far 
loDger than a solid one magnetized by a single charge. 




Fio. 33. 



In the instrument shonn in Fig. 32 the horseshoe part 
of the magnet is, of course, made solid with the 
straight part within the case.i 

58. The Neumayer receiver is a good modification 
of the original Bell. The permanent magnet is 
made up of Ave steel bar magnets, the lower ends o( 
Which touch, and the upper grip a small cylinder of 
thin brass containing a core made up of a large num- 
ber of pieces of flue iron wire about IJ inches ltt&'»,. 
This core holds the coil of wlte, t^Yift. «■«.*«&. i-a."*™*- 
principle already explained \n teletftt\tift ViWvft.M.'^'O'^ 
coIIb, that by finely aubdWidwg Wv* \t«m '^^*„ ^i. 
effects of induction are giea.V\-s \fttYes«.t«- 
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which shows a section of the Neumayer instrument, 
gives a clear representation of its construction. 

59. One of the most original forms of magnetic 
telephone is that designed by Bottcher in 1883. It is 
quite a powerful instrument and makes an excellent 
transmitter. Two horseshoe magnets are joined end 
to end, with their like poles abutting and suspended 
within a case of thin metal by means of wire loops 
attached to adjusting screws. The case rests on 




PIG. 33. NEUMAYER RECEIVER. M M MAGNETS, 

C7C0RE OP PINE IRON WIRES, B B COLLAR 

BINDING MAGNETS. 

wooden feet. Two coils are used, these being placed 
over three iron cores attached to the magnets at the 
junction of the magnets; that is, as originally con- 
structed the instrument has three iron cores within 
each coil. Probably a single oblong core for each 
coil would give better results. The iron diaphragm 
is attached to the case just above the coils, and over 
the opening above the diaphragm is placed a funnel 
mouthpiece. By this arrangement of using a sus- 
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pended nragnet, the magnet as well as the diaphragm 
is rendered capable of being thrown into vibration by 
the sound waves, thus causing greater changes in the 
magnetic field, and consequently an increased effect 
on the coil or coils. Such an instrument, carefully 
constructed, should make a veyy good transmitter. 

60. The magnetic telephones described in the 
foregoing chapters form but a small proportion of the 
army of instruments based on the invention of Pro- 
fessor Bell. They have been described because each 
one of them is typical of some form of construction 
or special device offering certain advantages and the 
various ideas that have been incorporated in them 
show pretty clearly how much modification the 
original combination of magnet, coil and diaphragm 
is capable of with the hope of producing any 
piofltable result. 

CHAPTER XIII. 

CARBON TRANSMITTERS. 

61. As hai already been said, after the introduc- 
tion of the Edison carbon telephone and the Hughes 
microphone, the Bell telephone was relegated to the 
place of the receiving instrument of a telephone line, 
and microphonic telephones, on account of their much 
greater power, were used as the transmitting instru- 
ment, so that it has come about that all magnet tele- 
phones are generally spoken of as receivers, and carbon 
telephones as transmitters. Notwithstanding this 
there have been cases where magnet telephones have 
been used as transmitters as well as receivers for 
regular exchange service. In Germany the Siemen3 
telephone, already described, was largely used as a 
transmitter, and in Manchester, England, where an 
opposition exchange service was started before the 
expiry of the carbon transmitter patents, the new 
system was operated for some time with magnet 
transmitters with excellent results. 

62. Carbon transmitters may be generally divided 
into three classes; viz., those thatemploy a single con- 
tact for varying the resistance of the primary circuit, 
such as the Blake; those that employ' several co\\^"a>RX's»^ 
of which there is a large numbei, ^W o\ V\v^^av ts\c»^'v- 
flcations of the original Hv\gVve^ m\cxo\>VQ^^^ ^^"^ 
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those that employ granulated carbon, known as the 
Running type, after the originator of this idea. 

63. In this country only three forms of carbon 
transmitter are in general use, the Blake, the "long 
distance" and the "solid back." The two latter are 
modifications of the Running transmitter, employ- 
ing carbon granules, in Europe the variety of car- 
bon transmitters in use b}' different companies and 
administrations is ver}' large. A great many of these 
are microphonic transmitters pure and simple, con- 
taining a greater or lesser number of carbon pencils 
arranged in a'more or less fantastic manner. 

64. The patents covering the carbon transmitter 
are owned by the American Bell Telephone company. 
The Berliner patent, which was issued at the end of 
1891, contains some very broad claims, and practically 
covers every possible form of carbon transmitter, 
having two "electrodes in contact with each other." 
The Edison patent, issued a few months later, makes 
a good second to the Berliner. These two patents 
were in interference in the Patent Office for a number 
of years; they were eventually both issued, and are 
now controlled by the Bell company, which also holds 
the patents on several special forms of transmitters, 
such as the Blake, "long distance," "solid back," 
and others got up in the laboratory of the company. 



CHAPTER XIV. 

THE BLAKE TRANSMITTER. 

65. The Blake transmitter is the standard instru- 
ment for local work in the United States, and is also 
the principal transmitter used in Canada and Great 
Britain. It is a fairly good all round instrument of 
comparatively simple construction, cheap in first 
cost and cheap to maintain as it requires small 
battery power. Its chief disadvantage is the necessity 
of very careful adjustment to get good results in the 
first place, and of frequent inspection and readjust- 
ment to keep it up to the point of giving good trans- 
mission. AVhen well adjusted and properly taken 
care of, nothing better could be desired for lines of 
moderate length. The construction of the Blake 
transmitter appears complicated at first sight, but 
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in reality it is very simple; each of the parts has an 
important function to perform, and on all being in 
^od condition depends tne efficient worliing of the 
instrument. See Figs. 34 and S5. 

66. The variable resistance is made in the following 
way: A slender spring carrying fli platinum contact 
point beara on the center of the diaphragm. 
A second spring carries a button of compressed 
carlwn let into a rather heavy socket of brass. The face 
of the carbon button presses lightly on the platinum 
contact point of the first spring. The vibrations of 
the diaphragm cause the pressure of the platinum 
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BAND. C CLIP. A DAUPSB, L 
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point on the carbon button to vary, resulting in a 
variation of the resistance at tlie con tact. The secret 
of the good working of the instrument Is that the 
two sides of the contact have no rigid bearing. In 
Edison's first transmitter he made one carbon contact 
solid with the case and the other solid with the dia- 
phragm. Consequently, the variable contact was not 
sufl[lciontly "sympathetic," as it were, with the vibra- 
tions of the diaphragm, and the instrument did not 
work well. Blake discovered the reason of the dettcV 
and applied the remedy. 
67. In the Blalie tranamiUeT \,\ve CM>aoiA XixAVi""- 
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' Stands up tu the platinum contact, securing 
full effect of the \ analions in pressure because of 
weight of the brik^ soLLet; that is, because of 
inerlia or resistance to be set in motioD. % 
platiuMm Lontuct is liPld against the dlAphrugm 
the carbon button but the normal set of its spring 
toward the button and aieay from tiie diaphragu 
ConsequentI}- we have a del 
catelv balanced arrangemer 
that Is susceptible to change b; 
the least vibration communi 
j catedby the diaphragm to the 
^^ platinum point. 

6tt The arrangement of the 
parts to allow uf proper adjust- 
ment of the springs is very 
ingenious. An iron ring is at- 
tached to the inside of the case, 
1 ring having a bracket, or 
jeotion, top and bottom. 
To the top bracket is attached 
a piece of angle iron bent at its 
^ZA upper part to a right angle, at 
the lower part to an obtuse 
The lower bracket ser- 
a bearing for the screw 
b\ which the iron support may 
be adjuslpd. The top part of 
' the support carries the two 
springs, which are insulated 




N UM spring is sheathed with a rub- 
IRON i,Hf sleeve, the diaphragm (gen- 
■*'•" erally of iron) is clamped over 
w- a rubber gasket, and is pro- 
vided with a damper consisting 
of a metal spring screwed to the inside of the case. 
This damper is rubber- covered and has a little cloth 
pad that presses on the diaphragm near its centre. 
The damper checks the vibrations of the diaphragm 
as quickly as they have done their work, preventing 
continued vibrations that would interfere with those 
following. The adjustment of the springs is efifeoted 
by means of the screw bearing on the obtuse angle of 



THE BLAKE TRANSMITTER. 89 

the iron support. Turning the screw upward forces 
the support, and consequently the carbon button, 
toward the diaphragm, increasing the pressure be- 
tween the button and the platinum contact. A re- 
verse action of the screw allows the support to come 
away by reason of the outward set of the spring by 
which it is attached to the iron frame, resulting in 
a decrease of the pressure between the button and 
the platinum contact. The normal set of the spring 
with the platinum contact gives it a tendency to 
follow the carbon button, and if the button is pulled 
back the platinum contact should follow it nearly 
half an inch. The best adjustment is when the pres- 
sure of the carbon button on the platinum contact 
just holds it lightly against the diaphragm, not 
so lightly as to allow of any separation or break 
when the diaphragm is vibrated by the voices. The 
two springs of the transmitter are, of course, con- 
nected in circuit with the primary wire of the induc- 
tion coil and with the battery. The induction coil 
generally used in the Blake transmitter has a resist- 
ance in the primary of half an ohm and in the 
secondary of about 250 ohms. 



CHAPTER XV. 

THE "longdistance" TRANSMITTER. 

69. The Blake transmitter does not give a suffi- 
cient volume of sound to allow of its general use for 
talking over long circuits, and with the introduction 
of long distance telephony in this country there was 
produced a transmitter adapted to this special clastf 
of work. This transmitter, which has become well 
known as the "long distance," was the result of an 
extended series of experiments conducted in the 
American Bell laboratory, and it is a very excellent 
instrument, although it is now being supplanted by a 
later form called the "solid back." 

70. The "long distance" transmitter, Fig. 3C, is 
of the Running type, depending for its variable re- 
sistance on the compression and separation of carbon 
granules, but the mechanical and electrical details 
are far more carefully worked out than in any other 
form of the Running transmitter. TVvfe ^o\\'^v^xi>R>j\ss\x 
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is as follows: An iron box attached to the backboard 
contains the induction coil and supports a nickel- 
plated arm, which carries the transmitter case. 
The transmitter case is of metal and has a small cir- 
cular chamber, or shallow tube, the lower side of 
which is closed by a thin platinum diaphragm and 
the upper by a circular metal plate. The diaphrajsrm 
is fastened to a brass ring, and really forms with 
this ring a shallow box, which is carefully insulated 
from the metallic case, as the diaphragm rests on a 
ring of hard rubber, and the brass ring is surrounded 
by a boxwood collar. This collar is slightly higher 
than the brass ring, and its upper edge supports a 
peculiarly shaped electrode, which makes metallic 
contact with the cover of the transmitter case. 




PIG. 3C. LONG DISTANCE TRANSMITTER. 



This electrode has the form of a small pulley with 
the upper flange somewhat wider than the other. 
When the pulley rests on the boxwood collar, its 
lower surface is one-sixteenth of an inch above the 
platinum diaphragm. The pulley has a conical hole 
through the centre, and its grooved rim is pierced 
with holes that communicate with the central one, 
so that it forms a sort of grid or grating, Fig. 37. 
Its purpose is to prevent the carbon granules from 
packing and to afford plenty of conducting surface 
through the comparatively large amount of metal 
it exposes at the lower face, grooved rim and numer- 
ous perforations. The pulley shaped electrode is 
gold-plated; its lower surface is slightly concave and 
highly burnished. AVhen the electrode is in position 
a quantity of finely granulated carbon is poured in, 
filling up the space between the diaphragm and the 
electrode and partly Ailing the space beXvfeeii Wve 
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grooved rim and tha brass ring and tlie holes in the 
electrode. 

71. The circuit is made from the diaphragm (to 
the edge of which is attached a binding post insu- 
lated from the transmitter case) through the carbon 
granules to the electrode and thence by the metal 

case and arm. The 
primary wire of the in 
duction coil is connec- 
ted to two insulated 
binding posts on the 
iron box, Fig. 38. One 
of these is connected by 
an insulated cord to 
the insulated binding 
post attached to the 
diaphragm, and the 
other to one pole of the battery. The automatic 
switch that throws on the battery is connected to 
the metal arm of the transmitter, thus completing 
the circuit through the cap of the transmitter case, 
which is in metallic connection with the pulley 
shaped electrode. The voice is directed to the un. 




FIG. 37. SECTION OP 
TRANSMITTER. 



L D. 




FIG. 38. INDUCTION COIL OF L. D. TRANSMITTER. 

derneath side of the diaphragm by a hard rubber 
mouthpiece screwed into a socket in the metal 
transmitter case, Fig. 39. The vibrations of the dia- 
phragm agitate the carbon granules, which.^ b^vcc^ 
in a finely divided state, of^er tcv«lw^ ^oVtA.^ q.\ ^ioroXsw^N* 
and give a wide range ol Tea\a\,«.Tvc^. . 

72. This transmitter livA man^' v^.^n^tA*^^'^^- ^^ ^ 
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compact and sightly, and when once properly set up 
it needs no adjustment. It can be used with a large 
battery power and gives very loud transmission. 
The small size of the transmitter case makes it 
adaptable to numerous convenient and ornamental 
forms of desk and table instruments, as the induction 
coil can be put in a separate place. Its chief defects 
are the extreme delicacy of the platinum diaphragm, 
which is of very fine foil and is liable to slight in- 
dentations and other defects that depreciate the 
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FIG. 39. DIAGRAM OP CONNECTIONS OP L. D. TRAN8- 

MITTBK. 

transmission, and the tendency of the granulated 
carbon to "pack." The packing of the carbon 
granules, giving the carbon a condition approaching 
that of a solid cake of the material, affects the trans- 
mission very seriously. The vibration of the trans- 
mitter in ordinary use has a tendency to pack the 
carbon, and this is aided by the heating of the trans- 
mitter by the battery current; the remedy, apart 
from taking the transmitter to pieces and supplying 
fresh carbon granules, is to tap the tTawsTcvVU^x 
//^htly at the sides. To protect the d\«i.pYvT».%m, 
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which is the only delicate part of the instrument, 
from outside interference, a couple of stiff wires are 
placed across the narrow end of the mouthpiece. 



CHAPTER XVI. 

THE "SOLID back" TRANSMITTER. 

73. This instrument is also of the Running type. 
It has lately been introduced by the American 
Bell Telephone company, and for some time has 
been supplied to all new long distance stations in- 
stead of the original "long distance" transmitter 
Just described. It was designed chiefl}^ with a view 
of overcoming the trouble referred to at the end of 
the last chapter — the packing of the granulated car- 
bon. In the "solid back" transmitter shown in Fig. 
40 (which has in reality a hollow back), the working 
parts of the instrument, the diaphragm and chamber 
containing the electrodes and granulated carbon are 
mounted vertically instead of horizontally, as in the 
long distance. The transmitter case is of metal, and 
has much the form of the gong of an electric bell; it 
is enclosed by a perforated metal lid or cover, to 
which is attached the mouthpiece. The cover 
carries the entire transmitter, which consists of two 
small carbon disks enclosed in a metal chamber 
having an insulating lining; between the disks is 
a layer of finely granulated carbon, and the disks 
being slightly smaller than the containing chamber, 
the surrounding space between the edges of the disks 
and the side of the chamber is also filled with carbon 
granules. The back electrode is in metallic connec- 
tion with the containing chamber, a little pin in the 
brass backing of the carbon disk fitting into a recess 
in the chamber and holding it firmly seated. The 
front electrode is insulated from the chamber by the 
insulating lining of varnished paper and by a mica 
disk or washer, which incloses the chamber when 
the front electrode is placed in position. The front 
electrode is secured to the vibrating diaphragm ot 
the transmitter by means of a ^\w ^\\\Ocv ^^Vkvx^^ 
from its brass backing lYvro\xg\\ «. \vo\^ Va. "Ocv^ ^^^"^^ 
ot the diaphragm. This pVn \\a.^ V-no "^"^^^^^^l^^x^^ 
for A nut that clamps the mica vj«.s>cv^^ on^t ^.^^ 
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or the chamber containing the two electrodes, and 
a finer one for two small nuts that clnnip the 
electrode to the diaphragm. 

T4. The mica washer is held against the little 
chamber by a brass collar which screws on the brass 
chamber itself and secures the mica washer to It 
around its edge. The mica washer being clamped 




. electrode at the centre, has auHlcient elasticity to 
allow of the electrode responding to the vibratlona 
of the diaphragm, and at the same time the trans- 
mitter chamber is effectually closed. The chamber 
has a projecting stud at the back which ntB into a 
JiuJe in s stout brass bridge and is there aecured by 
a set screw. The metal bridge is ecie-wei to fti* 
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cover of the tcansmitler casp. The diaphragm, 
which is of metal, is secured to the cover, and is 
provided with the iisunl clip and padded dampening 
spring. One end of the brass bridge carries a blocic 
of inaiitaling material, and to a small binding post 
on this block a tine wire attached to the front elec- 
trcMle is connected. The rear electrode being in 
metallic contact with the bridge and through it with 
the case ot the transmitter and the supporting arm, 
needs no special connection, one side of the primary 
circuit being connected to the armof the transmitter. 




no. 41. 8BCTI0N OF fiOLlB BACK TRANSMITTER, M 

MOUTHPIECE, D DIAPHKAOM, E FRONT KLEC- 

TRODB, B BACK ELECTRODE, W ELECTRODE 

CHAMBBH. I' MBTAt. nRIDOE PIECE, ll SET 

SCREW, m MICA WASHER. J>'THBEADK11 

BER BAND, / DAMPBR, O 
CASE, F COVER, 

The other side is connected by a cord which passes 
through a hole in the bell-aha|)ed transmitter case to 
the binding post on tlie insulating block, 

75. The vibrations of the diaphragm are com- 
municated to the front electrode by the pin. which 
forms a rigid connection between (hem. The elec- 
trode, having a certain freedom of movement within 
the little chamber, varies the ijressure on the layer 
of carbon granules between it and the bti.t^eiVi«,\.tc>&i, 
thereby setting up tlie usua\ vatisAwti ol te^wX^^i'i* 
required in a carbon tranamVUer. tV« ***^^^^ 
(fie/nslrument is very good. T\ve \."«o eXec^^'^ 
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being of carbon make excellent contact with the car- 
bon granules, thus affording the best opportunity for 
wide variation of resistance under vibration, while 
the carbon electrodes being soldered to brass disks 
good metallic contact is obtained with the two sides 
of the primary circuit. The "packing" difficulty is 
to a considerable extent obviated by this form of 
transmitter. The space in the chamber around the 
edges of the electrodes contains a certain quantity 
o'f granulated carbon which is not directly in the 
circuit and does not become heated up rapidly by 
the current, and any expansion of the granules 
immediately between the electrodes through heating 
causes a displacement of part of the heated carbon 
*" into the cooler; when the transmitter is out of cir- 
cuit and cools off, the granules tend to resettle into 
their original position. 
76. The chamber containing the working parts of 




FIG. 42. DETAILS OP SOLID BACK TRANSMITTER. W 
ELECTRODE CHAMBER, t INSULATING LINING, B BACK 
ELECTRODE, a BRASS BACKING, E FRONT ELEC- 
TRODE, b BRASS BACKING, p THREAD FOR NUT 
U, m MICA WASHER, t^ NUT FOR CLAMPING m 
IN PLACE, p' THREAD FOR t AND t\ C COVER 
OF W, TT NUTS FOR CLAMPING FRONT 
ELECTRODE TO DIAPHRAGM. 

the instrument is extremely small, and forms a sort 
of button attached to the front cover of the case. 
By unfastening the screws which hold the cover the 
entire transmitter can be withdrawn, the connecting 
cord joined to the insulated binding post having first 
been disconnected. On account of the smallness and 
delicacy of the parts, great care is required in 
handling the transmitter when assembling or taking 
apart. When properly set up it needs no adjust- 
ment, and indeed there is nothing that can be 
adjusted unless some radical defect exists. Fig. 40 
^j yes a general \'ie\v of the solid back ttawsTCvWVex 
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arranged on a desk set, and Figs. 41, 42 and 43 show 
the details of construction by means of a section of 
tTie transmitter mounted, a section of the various 
parts of the chamber and a front view of the cham- 
ber, and a back view of the cover of the transmitter 
case with the diaphragm and brass bridge carrying 
the chamber in place. 



CHAPTER XVII. 

THE BERLINER TRANSMITTER. 

77. Berliner is an interesting name in telephony. 
Berliner discovered in 1877, independently of Hughes 
— the results of whose work were published at a later 
date — tlie principle (or rather, its application to tele- 




PIG. 43 BACK OP COVER OF SOLID BACK TRANSMIT- 
TER. F METAL COVER, D DIAPHRAGM, P METAL 
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BLOCK, W ELECTRODE CHAMBER, d SET- 
SCREW, e RUBBER BAND, / DAMPER. 

phone transmitters) of the variation of resistance at 
a loose contact subject to variation of pressure. 
Berliner lodged a caveat in the Patent Office, broadly 
claiming this invention, in April, 1877, and in June 
he applied for a patent. Edison had been working 
in the same line and applied for a patent in July of 
the same year. Berliner and Edison were dft.^^V^v.x^'^ 
in interference by the Palei\\. O^c-^. 'YVx^ \wVK^\ftx-^ 
ence was not finally dec\<\eOL \w V^Ncvt o^ ^'^t^^^ 
until 18S6; but meai\\v\A\\e, \u X^'^^. \>^«^^^^^^ 
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appeared on the scenu wiili an application for a 
liatent on a microphonic transmitter, and according 
to the rules of the Patent Office no patent could be 
Issued to any of the three until it was determined 
whether the Drawbaugh claim was valid or not. 
This was finally decided a^inst Drawbaugh, as 
It was proved that the Edison carbon trans- 
mitter had been in public use for more thnii 
two years before Drawbaugh made his application 
for a patent, and his application waa thrown out. A 
;iatent was then issued to Berliner on the broad 




Srinciple of the microphone transmitter in November, 
Wl. In May of the foliowinft year a patent was 
issued to Edisfni, s<i tliat both sides of the interference 
eventually got tlieir patents— more than fourteen 
rears after the fllini{ of the original applications. 
f 76. Both Uerliner and Edison obtained in 1878 
patents on special forms of transmitters desitnicd in 
^cordance with the principles laid down in their 
tpplicalions for tile broad principle of battery telc- 
>nones, and the Herliner transmitter especially has 
been modified outof all semblance toitsoriginai form. 
37b6 broad claim in the Berliner patent is as follows'. 
f'^jbe methiid of producing In & circuit e\eclntA\ 
■^t^u/atJons sirailttF in form to sound waves by taxia- 



THE BERLINER TRANSMITTER. 40 

Ing Bound wsveB to vary tlic pressure U'tw(«n elec- 
trodes in constant cotilHct, so as lo stri.>nglhen and 
weaken the contact and lliert'by increase and diminish 
the resistance of the circuit." Tlie Edison patent 
Issued in May, 1802, covers the use of carbon in tele- 
phone transmitters (Rerliner, up to the IllinK of his 
application, had experimented only with metal con- 
tacts), and the broad claim is as follows: "In a, lele- 
graphic apparatus operated by sound the combination 
with the diaphragm of one or more conlacl points of 




FIG. 46. 



plumbago or similarly interior conductor in the elec- 
tric circuit, wht'reby the rise and fall of electric 
tension is proportionate to the pressure exerted iipon 
the said point or points by the diaphragm." It will 
be seen that a combination of the Berliner and 
Edison patents prnctically embraces the fundamental 
principlesof almost all battery lelephone transmitters. 
TO. Fig. -14 represents the original form of experi- 
mental transmitter devised by BerlincT l\a.vwi?,%.-TOji\si». 
plate forming the (Viii'pht'ngwv -wWV b. TatVvi ""a*^ ^'^j 
Ing Mfi'ainst it. tine sid-i (it \,VLe nwn^W -n** ^■™*^'^^ 
to the diaphragm auCk V\\v, •iVcv^t ^-^ \,V«.^*-"^^- 
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resistance of the contact between plate and ball was 
varied by the vibration of the diaphragm, thus setting 
up the electric undulations. It will be seen that this 
arrangement is suspiciously like a "make and break" 
transmitter, as no device is shown for allowing the 
electrode to follow the diaphragm in its vibrations. 

80. Fig. 45 shows Berliner's first form of 
carbon transmitter. In this instrument, which was 
brought out in the early days of carbon transmitters, 
the important improvement of giving one of the elec- 
trodes a yielding support was adopted. One of the 
carbon electrodes is attached to the diaphragm and 
the other to a socket carried on a hinged piece on the 
end of a bent spring secured to the transmitter case. 
This manner of disposing of the carbon contacts was 
a forerunner of the Blake invention, which is an im- 
provement on it. 

81. Berliner's "Universal" transmitter is entirely 
different from his early instruments. It is an excellent 
transmitter, and well adapted to long distance work. 
It has not been adopted in this country at all, but is 
used in South America and in some parts of Europe. 
In general principles of construction, although not 
in detail, it resembles both the long distance 
and solid back transmitters described in Chapters 
XV. and XVI. The diaphragm is a carbon disk 
forming one electrode. The second electrode is 
a circular block of carbon held so that its lower 
surface is a short distance above the carbon disk. 
The lower surface of the carbon block is cor- 
rugated, a number of deep circular grooves being cut 
in it, and the space between the disk and block being 
occupied by carbon granules, these grooves or corru- 
gations fulfill the double purpose of affording plenty 
of contact surface and of dividing up the granulated 
carbon so as to minimize the effect of "packing." 

82. The transmitter chamber is formed of a circu- 
lar wooden box with a short tube screwed through 
the bottom for the mouthpiece. The cover, also of 
wood with a brass ring round its lower edge, screws 
Into the box, and clamps down the carbon diaphragm, 
the connection from one side of the primary circuit 

f. to the diaphragm being made through the brass ring, 
f T/je cover has an insulating lining oi IMck ieU, 
/r/r/e/i closely surrounds the upper carbon e\eclTod^ 
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and whose lower edge rests on the diaphragm. Thus 
a small chamber enclosed by the diaphragm, upper 
electrode and insulating felt lining is provided for 
the granulated carbon. The upper electrode is sup- 
ported by a slightly tapered brass pin fitted tightly 
into a hole bored through the centre of the block. 
The lower end of this piece carries a small piece of 
soft rubber tubing which bears lightly on the dia- 
phragm and serves as a damper. The pin is clamped 
to the top of the cover by a screw nut. The mouth- 
piece used with this instrument is usually made of 
soft rubber. 

83. From the foregoing description it will be 
apparent how close is the resemblance, as far as the 
general arrangement goes, between this transmitter 
and the two instruments used for long distance work 
in this country. The differences are mainly in the 
details of construction, which have been more care- 
fully worked out in the transmitters used by the Bell 
companies. The "solid back," utilizing the same 
principle of two carbon electrodes with a layer of 
granules between, is a much more efficient transmitter 
than the Berliner. Fig. 40 is a section of the Ber- 
liner "Universal" transmitter. 



CHAPTER XVIII. 

THE CUTTRISS TRANSMITTER. 

84. This instrument is a quite recent invention, 
and is due to an idea which occurred to Charles 
Cuttriss when working on carbon springs for another 
kind of apparatus. Mr. Cuttriss was quite successful 
in manufacturing small springs or helices of carbon, 
and found that they gave a wide variation of resist- 
ance, the resistance of the spring when closed being 
only 10 ohms and when distended as high as 500 ohms. 
No sparking was observed between the convolutions 
until the carbon was heated to between 300* and 
400°. It occurred to Mr. Cuttriss that these features 
would be of value in a telephone transmitter, and the. 
results of a trial fully i\isU^^<ic \v\'s» ^^\>^^\scOsjsv^.-^ 
The following is an accouiv\.ol\Xv^-^<fe.^^'^^^^^^:^^>J^ 
interesting transmitter, g\\feu \vv ^^. CnvNX^^s^^ 
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words in an article by him published In the Electrical 
Engineer for December 16, ISSl: 

"Not only does the Instrument traosmit speech 
loudly, but the articulation ia so remarkably clear 
that I have been le<l to look for some particular rea- 
son why this should be so. I think it will be found 
to be owing to the extreme lightness of the helix 
(generally less than one grain): to the absolute contin- 
uity ot the circuit— that is to say, the elimination of 
electrodes — and also to the fact that, as each part of 
the spiral is tending to open itself, it absolutely 

f precludes any tendency for the surfaces to jam or 
ock together." 
Id this transmitter it will be seen that there are 
practically no contacts, 
the carbon spring being 
simply Included in the 
primary circuit, and, 
. as described, the com- 
} pression and elongation 
of the spring effect the 
variation of resistance. 
The illustration. Fig. 
47, shows the arrange- 
, ment of the carbon 
spring in relation to the 
diaphragm, but is not 
intended to represent a finished form of transmitter. 
The spring is cemented to the diaphragm, and a screw, 
to which it la connected electrically, bears against the 
other end to allow of regulating the tension of the 
spring. A separate enlarged view of the carbon 
spring is also shown. 




CHAPTER XIX. 

VARIOUS EUBOPEAN TRANSMITTERS. 

85. There are several good forms of carbon trans- 
mitters in use in Europe, and a description of some 
of these will probably lie found of interest, A num- 
. t>er of them are very close relatives, being modiflca* 
' tions of the original Hughes microphone. These are 
jeeoera}ij' called carbon pencil transmitterB, and Ihes 
d'/O'er from each other chieBy in the number an4 
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arrangement of the carbon pencils. To this family 
belong the Gower, Ader, Crossley, D'Arsonval, De 
Jongh and Mix and Genest transmitters. 

86. The Gower transmitter consists of a multiple 
microphone formed of eight carbon pencils radiating 
from a central carbon block, the other ends of the 
pencils resting in separate carbon blocks. This 
arrangement is fastened to the back of a thin wooden 
diaphragm. The vibrations of the diaphragm cause 
changes in the sixteen loose contacts. The four 
outer carbon blocks on each side are connected by 
copper strips, to which the wires of the primary 
circuit are joined. This transmitter is a very efficient 
one, with the added advantage of having no parts 
needing adjustment. It is used in the telepnone 

system of the British 
Postal Telegraphs, and 
gives good results even 
over the line between 
London and Paris. 
Fig. 48 shows the ar- 
rangement of the car 
bon contacts, and Fig. 
49 the form of carbon 
pencil used. 

FIG. 48. VARIABLE RESISTANCE V' The Ader trans- 

OF GOWER TRANSMITTER. {hitler, WHICH IS 

largely used in France, 
is very similar to the Gower. It employs a large 
number of carbons, twelve instead of eight, giving 
twenty-four contacts, and they are differently 
mounted. A wooden diaphragm carries three carbon 
blocks, which are hollowed out to provide bearings 
for the twelve carbon pencils. Fig. 50 shows the 
arrangement so clearly that no description is neces- 
sary. 

88. The Crossley, again, is another simple varia* 
tion of the same combination. Four pencils rest in 
bearings in four carbon blocks arranged diamond-wise 
on a thin wooden diaphragm. Fig. 51 shows the 
Crossley transmitter. The chief interest attached to 
this instrument is that its designer obtained «^ v^^Vj^^^^- 
on "multiple contact" r[\\cvv^\A\*.A\\v^ 'jsxvvl ^^-n-^^^^^^^*^ 
enough to sell this paVeT\\, U> '^^ Y.w^\^V x^V^^^'^^^ 
company for llpwaTds^ot ^^Q,C^Q^, 
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80. The D'Arsonval transmitter has carbon pencels 
bearing in carbcm blocks. The feature which dis- 
tinpuishos this instrument from others of the family 
is that means are provided for varying the pressure 

between the pencils and 
the blocks. The carbon 
pencils are sheathed 
with a thin iron cover- 
ing, and a horseshoe 
FIG. 4d. CARBON PENCIL, magnet is mounted be- 
hind them. By changing the position of the magnet 
by means of an adjusting screw, the normal set of 
the carbons will be altered through the attraction of 
the magnet for their 
iron coatings. In 
making this im- 
provpHipnt it will 
be nolicM'd that M. 
D'Arsonval has 
robbed the carbon 
pencil transmitter 
of its chief merit — 
simplicity and ab- 
sence of mechan- 
ism. Figs. 52 and ^^^- ^^- variable resistance 
58, plan and se^ction, OF ader transmitter. 

show the arrangement of the carbons and the posi- 
tion of the controlling magnet. 
i'O. In the l)e Jongh transmitter a rather original 

disposition of the car- 
bons is made. The dia- 
phragm, which is moun- 
ted vertically, carries 
two rows of carbon 
blocks, four in a row. 
Against these blocks rest 
four carbon pencils con- 
*.,„ -- necting each pair of 

J^i«. 51. VARIABLE RESIST- felocks together. The 
A^CE OP cRossLEY TRANS- carbou pencils are sup- 
dr* MiTTEK. ported by brass pins 

ta'^'^*^ at an angle into a board placed a short dis- 
lyl^^^ behind the diaphragm. The four carbon 

^o til ^^ ^*^^^ ^^*^^ ^^^ joined together by a wire viivd 
f'<nese wires the two sides of the pTimaty c\i<i\x\\. 
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are connectPd, therfl thus beitiR ei(rht variable con- 
tftcls In the primary circuit. Fig. 54 shows a section 
of the l>e Jongh transmittnr with a view ot one of the 
carbon pencils to the right. 

01. In the Mix and Grnest transmitter, which is 
used to a great extent in Germany, a device is pro- 
vided to prevent the carbon pencils from resting 
loosely on thi^ edges ot the bearings in the supporting 
blocks, tile object being to eradicate the tendency to 
fry, sizzle and rasp that iwncil microphones occasion- 
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ally indulge in. The diaphragm is vertical, andhastwn 
carbon bjoclts grooved for three pencils. In the space 
between the blochs « pad or diaphragm attached to 
an adjustable spring presses lightly against the car- 
bon pencils. This damper keeps the pencils from re- 
voh ing and holds them against the front part of the 
bearings in the supporting blocks. Fig. 55 ia a rear 
view ofthc Mix and Oenest Iransmiller, and Fig. Sn 
is a section showing the adjuslable iiad and spring. 

93. The transmitter adopted by the, ¥».ifc\t\fe'^™''- 
rale des Telephones— tli« ctimvivn^' -nVvtXv ««%w>Vix^ 
the Paris telephone system M\d >ns» te«ie^*'j ^ 
oat by the French govertimenV— '^as soma -itvve-t^* - 
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the theoretical principle of its design is to double the 
effect of the Blake transmitter by employing two 
variable contacts so arranged that a movement of the 
diaphragm in either direction would diminish the 
pressure at one contact and increase the pressure at 
the other. Fig. 57 ifives a diagrammatic view of the 
double contact and the peculiar windingof the induc- 
tion coil. To the diaphragm a carbon block is 
cemented, which carries, by means ol a U-shaped 
piece of insulating material, a second carbon block. 
Besting between the carbons and making contact 
with both of them is a conical 
ms'tal contact piece suspended 
from a balanced support which 
j not shown in the diagram. 
This gives the double variable 
contact^ and it is obvious that 
whichever way the diaphragm 
moves, the two carbons being 
rigidly connected to it, the pres- 
sure between one carbon and the 
metal plug will be Increased and 
tlie pressure between the other 
and the plug will be diminished. 
The primary winding of the in- 
' tion coil is made of two lay- 
one end of each layer is 
joined to one of the carbon 
blocks and the other two ends 
; joined to one pole of the 
biillery, the second pole of the 
battery being connected to the 
metal plug. Thus there is a 
divided circuit in the primary 
1 winding, one branch being con- 
trolled by each of the variable 
contacts; the movements of the diaphragm produce 
at each moment increase of resistance in one branch 
and decrease In the otlier and therefore each branch 
Bets up induced currents in the secondary winding of 
the coil. The effect is, theoretically, supposed to be 
double that prixluced in a Blake transmitter, and 
practically the result of this arrangement is a very 
Joiid lransmis.iJon, but not a good quality oi apeecb. 
^ TAc C/amoncI transmitter, which has lewtittg 
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been patented in the United States, pofiscsses a Dovel 
feature in tlie employment of a piastic variable re- 
Bistance. This is made of a mixture of powdered 
conductiog material and glycerine, vaseline or some 
heavy oil. The plastic mixture is enclosed in an 
elastic covering of collodion or soft rubber and placed 
between two metal contact pieces, to which the two 
sides of the primary circuit are joined. One of the 
contact pieces is attached to the diaphragm, and in 
this way the voice vibrations are communicated 
to the plastic variable resistance. It is said that this 
instrument gives very loud and clear t 
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but it has not yet had an extended practical trial. 
The obvious source of trouble is that the plastic re- 
sistance will probably develop a tendency to lose its 
plasticity. FiR. 58 shows the form of transmitter 
which M. Clamond says has given the best reslilts. 
Fig. 50 is n section of the butttm containing the 
plastic variable resistance. The rear electioil.c ^(jyosh. 
a chamber to receive the p\aaV\c ■nva.VeV\a.\ ■a.tv*. ■Cw. 
front electrode is a metal plvig pushed. \tvUi ^^*- ^V*"' 
lure, the whole bping held U>geV\\ei >3-^ ». c'l'eo' ^'^^^*' 
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CHAPTER XX. 



THE EFFICIENCY OF 

94. The efficiency of a telephone traDsmitter, 
gcDeralij speaking, depends on the range of varia- 
tion in current strength that can be produced In the 
primary circuit. According to the laws of 
Induction (see Chap. VJ the induced currents set up 
in the secondary of the induction coil are dependent 
on (he changes in the strength of the current flowing 
in the primary circuit, being caused by clianges in 
the resistance in that circuit, and it is obvious that 
the point to be attended to is to render the primary 
circuit ot the transmitter capable of a wide range of 




CONE. 

variation of resistance. It also naturally follows 
from this that the normal resistance of the primary 
circuit must be low, because to be effective the 
changes in resistance must be in sub- 
stantial ratio to the normal resistance of the circuit. 
For instance, it the normal resistance of the primary 
circuit of a transmitter were five ohms and any 
movement of the diaphragm caused an increase or 
decrease of half an ohm, that would change the re- 
sistance of the circuit by one-tenth of its original 
raiae. Bat it the normal resistance were IvienV^ 
ohms, au increase or decrease ot ^aVI an o\\wv 
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would change the resistance of the circuit bj' only 
one-fortieth of its original value, and the induced cur- 
rent set up in the secondary coil due to such a 
change would only have one-quarter the strength of 
that in the first case. 

95. Consequently, it is of the first importance that ' 
the resistance of the primary circuit, consisting of 
the primary of the induction coil, the variable resist- 
ance controlled by the diaphragm and the battery, 
shall be kept tow. The resistance of the primary of 
the induction coil is generally about half an ohm or 
less. That of the variable contact of the transmitter 
differs of course in various forms of transmitters. 




according to the design of the carbon buttons and 
disks or pencils, but it is seldom more then a few 
ohms. The internal resistance of the battery is the 
most an certain element. It Ispractically never a fixed 
quantity, but varies according to the amount of cur- 
rent flowing. It increases when the battery is 
allowed to get in bad condition and also when the 
battery becomes run down or "polari7.«4." "Ya-t 
resistance of the variable conl&cl ».\wa \».«e* '" 
what according to the current BovjVftft, q-ww^ 
heating effect ot the 
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96. In considering the efficiency of a transmitter, 
the question of the normal current flowing in the 
primary circuit is naturally quite as important, 
although in a different way, as the resistance of that 
circuit. It would seem at first sight that the effi- 
ciency of any transmitter might be improved almost 
indefinitely by simply increasing the battery power, 
but this is not so. The variable resistance of everv 
transmitter is a somewhat delicate piece of electrical 
apparatus. A certain amount of heat is always 
developed at the contacts and minute arcs form at 
the points of the carbon particles where the current 
passes between the contacts. Heat up the carbon 
contacts too much by using too strong a current and 
you impair rather than improve the efficiency of the 
transmitter, and a point would so(m be reached where 
the transmitter would not talk at all. IW experi- 
ment it has been found how much battery power can 
be safely used with each form of transmitter to give 
the best results without incurring the risk of the car- 
bon contacts becoming overheated when a transmitter 
is used for any unusual length of time. 

97. The importance of keeping the normal resist- 
ance of the primary circuit of a transmitter as low 
as possible points to the necessity of keeping all con- 
nections and leads included in that circuit in good 
order, so as to prevent the introduction of any extra 
resistance through loose contacts at binding posts, 
corroded wires or other faulty connections. If the 
battery has to be placed at any distance from the 
transmitter the leads should, for the same reason, be 
of thick wire having an inappreciable resistance. 



CHAPTER XXI. 

BATTERIES FOR TELEPHONE WORK. 

98. From what has been said in the preceding 
chapter, it naturally follows that a battery for tele- 
phone work should have a low internal resistance and 
that it should be capable of working for reasonable 
periods of time without great falling off in electro- 
znoti ve force or considerable rise in internal t^^sysVawcc . 
^^e battery should also be easv to haudVe, tvvivi lto\jv 



BATTERIES FOR TELEPHONE WORK. 61 

obnoxious fumes, and should not require frequent 
attention or renewal of solutions or parts. 

99. These requirements, especially those referring 
to the electrical conditions, are difficult to satisfy. 
Practically every type of battery decreases in elec- 
tromotive force and increases in internal resistance 
when working on a circuit of low resistance. This 
is due to what is called ^'polarization." The action 
of the current within the cell causes minute bubbles 
of hydrogen to collect on the negative plate, and this 
coating of the plate with gas diminishes the surface 
capable of collecting current and causes a reduction 
of the electromotive force of the cell and an increase 
of its resistance. The battery is then said to be 
"polarized.** An important part of the make-up of 
most batteries is what is called the * 'depolarizer,*' 
which is a chemical substance, solid or in solution, 
able to provide oxygen to combine with the hydrogen 
that is liberated by the action of the battery and so 
to remedy or prevent polarization. 

100. Batteries in which the depolarizing takes 
place comparatively slowly and chiefly after the 
battery has temporarily ceased to do work are called 
**open circuit" batteries, and those in which the 
depolarizer acts continuously while the battery is 
doing work, practically preventing polarization, are 
called "closed circuit" batteries. Open circuit bat- 
teries are intended for use where there are only occa- 
sional demands for current, periods of complete rest 
intervening during i which the battery has time to 
depolarize and recover its normal strength. The 
best example of this type of battery is the univers- 
ally used Leclanche cell. Closed circuit batteries 
are used for work where the demand for current is 
continuous or so frequently repeated and long kept up 
as to be practically so; there is little or no time for 
recuperation, and the depolarizing process must keep 
pace with the work the battery is doing. Examples 
of this class of battery are the Daniell or gravity cell 
and the bichromate zinc-carbon cell. 

101. In the Leclanch^ cell the depolarizing agent 
is dioxide of manganese, which surrounds the cacV^<.^vv 
plate. The oxide of manganese y\e\d^\3L\>\Vs» o^^S^^^ 
readily for combination w\l\\ t\\o \\v(Vxov^^w \>^c^v-xa.vv-^ 
b^ the action of the cell, and aUci\Nvx\Oc Wwi ^cv^^^^"^" 
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nese absorbs fresh oxygen from the air. This process 
goes on comparatively slowly, hence the necessity of 
frequent periods of rest to enable the battery to cope 
with short periods of work. In the gravity or "blue- 
stone" batteries, the depolarizing agent is the 
sulphate of copper, which gives up oxygen to com- 
bine with the free hydrogen and deposits metallic 
copper on the copper plate of the battery. The 
peculiarity of this type of battery is that it keeps in 
the best condition when doing continuous work. If 
left long on an open circuit it deteriorates. In the 
bichromate batteries the depolarizer is a mixture of 
sulphuric acid and bichromate of potash or soda 
(generally the latter); oxygen is given out from the 
solution to combine with the hydrogen, and a chemi- 
cal substance known as chrome alum is formed, which 
partly enters into the solution and is partly deposited 
in the form of dark crystals. 

102. Up to within a few years ago open circuit 
batteries were used for telephone work to the exclu- 
sion of all others. The Blake transmitter works well 
with one Leclanchd cell, as in ordinary local telephon- 
ing conversations are not long and the intervals be- 
tween them usually are. But with the introduction 
of long distance telephony new conditions called for 
a different kind of battery. More powerful trans- 
mitters needed greater battery power, and as the 
transmitters in many places (as at busy pay stations) 
are in almost constant use, a closed circuit battery 
was required. The most suitable type was found to 
be what is known as the Fuller bichromate, a battery 
which gives a high electromotive force, has a fairly low 
internal resistance, and is capable of continuous 
heavy work without suffering serious change in 
either. 

1U3. The electromotive force of a battery depends 
on the materials of the plates and exciting solution 
used. The standard adopted is the Daniell copper 
sulphate cell, which has (nominally) an electromotive 
force of one volt. There are batteries which give 
considerably less than one volt and there are others 
that give nearly three, but very few cells will main- 
tain for any time a working electromotive force of 
over two volts. Thn. internal resistance ol ?v VdA,l^t^ 
depends on its mcch'^llXQ^^. construcUow, V\ve sVl^ ol 
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the plates, or rather the amount of surface exposed 
to the solution, the nearness of the two plates to each 
other and the conducting power of the solution and 
other separating material. The current developed by 
the battery depends on the combined resistance of 
the external circuit and of the battery itself. The 
unit of current — the ampere — is the current flowing 
in a circuit having a resistance of one ohm connected 
to a source of electromotive force equal to one volt, 
Thus, a battery of cells having a total electromotive - 
force of six volts and a total internal resistance of— 
six ohms, if connected to a circuit having a resist- 
ance of 54 ohms, would produce in that circuit a cur- 
rent of one-tenth of an amjicre. This is according 
to Ohm's law, which says that the current in any 
circuit is equal to the electromotive force acting cm 
that circuit divided by the total resistance of 

the circuit. This formula is generally written C=-^- , 

C standing for current, E for electromotive force 
and R for resistance. R, of course, represents 
the total resistance of the external circuit and the 
internal resistance of the battery, or other source of 
electricity. 

104. It should be borne in mind that the initial 
electromotive force of a battery and its initial inter- 
nal resistance always undergo a certain modification 
when the battery is at work, dependent on the resist- 
ance of the circuit to which the battery is connected. 
In telephone work the resistance of the circuit 
energized by the battery is, of course, constantly 
changing and this to a certain extent reacts on the 
battery; while the battery current in turn affects the 
resistance of the circuit by the heating of the vari- 
able carbon resistance. Therefore it is impossible to 
say what the internal resistance of a telephone trans- 
mitter battery may be at any moment when the 
transmitter is in use, but we do know that the battery 
should have a low resistance to start with and this is 
a point that cannot be over emphasized. 

105. In all batteries where zinc is used, the zinc is 
consumed and the current within the cell passc'y»^\w«^ 
th<? zinc to the carbon or copp^x , v^\v\Ocv ^^Vs» ^?vJ^ ^^ 
collector for the current. In l\\o, exVcvw-A ^^"^^^^^"^.V^ 
current passes from the carbou ov viow'^v \.o vV^" '^"^ 
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In spi'aking uf batteries theri'fitro the /inc is termed 
Ihe putitire plate and the carbon or copix'r Ilii' ni-ga- 
tite. plate. In spi'aking of the tenainah ijf a bnltj-ry 
(or pules, as tliey are often incorrectly lermed) the 
carbon is ciilled the poaitke terminal and the Kino the 
negative terminal. 
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lOS. Thereart man\ modiflcatu n»i )f theLeclanchi? 
cell ill HBO. Tht oncinal combination consists of a 
zlac-carbon cell with a solution of sal a 
exciter. The carbon plate is 
surrounded nith a mixture of 
coarsely ^raiiulatid man^antse 
dioxide and carbon In the 
original form, shown in Fig 60 
a porous pot was used to hold 
the carbon plate and surround 
int; mixture and the porous cup 
form of battery is very largelj 
used to-day. Tlie modifications 
that have been mode have ha 
the object of decreasing the ii 
ternal ri'Kislanuc of tht cell and 
Increasing the depolarbin^ 
elTect. Willi these objects in 
view Leclaiiclio batttrus an 
made vfllliout porous cups, the 
di 'I K>l arizing mi.iture bi ing cast 
in blocks which are clisped to 
ihe carbon plale by rubbtr bands in other forms a 
Hilled carbon cylhidi-r surroundeil bv rids of the 
di<|H)lHrixlng mixture is used. The xinc, Figit. 01 
ami IlIA. is either in the form of a rod or plate or 
of a thin cyllndiT which surrounds the carbon ele- 
ment save fi)r a vertical oiM'Uing to allow of free 
diffusion of the cxciling solution. Cells in which 
the dei>i)l arizing mixture is attached to the carbon 
in the form of blocks or rods are generally called 
"agglomerate" cells. They have a much lower 
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of the larRpr amount of surface Renerally obtained 
in the carbon plate and depolarizer. 

107. The important point in the Leclanch^ bat- 
tery is that it should be made ot the best materials. 
An inferior quality of carbon and manganese (and 
bad work in assembling usually goes hand in hand 
with bad materials) will always give a poor battery. 
Therefore very cheap batteries are to be avoided aa 
they will undoubtedly prove the dearest in the end. 
Any type ot Leclancbii battery will give good results 
if honestly made of good materials; the agglomerate 
forms are to be preferred to tite porous cuponacf 
of their lower internal resistance and slower piilii 
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tion. Some of the agglomerate forms ot Leclanch^ 
have advantages over others, but this is a question 
that Is regulated by the pries, as the best made and 
most efficient cells are naturally the highest priced. 
Most ot the batteries are known by special trade 
mark names and It would possibly be unfair to par- 
ticularize in a hand-bonk. The conditions having 
been given, a choice should not be difficult. 

108. There are several open circuit batteries, such 
as that shown in Fig. 62, on the market in which na 
dopoiariiicr is used. These are ■wft\Vft&a.\i\jfe*.N»'we^«- 
phone work, Reliance is placed on d's.^iw.vnif. *■ "'^IJ.j 
Inrge surface of the carlion p\alP, vi\\\c\\\'?. '^''^^''^v^.b 
arraiigcit in Ihti form uf a aMV\\>\«- C'i-X'vtv'i-^'' ■ 
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type of battery 1ms llip mi'rit of being extremely 
simjile, coiiNi sting mrrclj' iif xinc and c&rtwn In a 
Kiilutiiiii (if Hiil-iinimDniiK-. nn Ri'iiarating material be- 
inK riKHiln'*!. Hucli cells (Fin. (Ki), on iiccount of the 
larRi! plate surface expuwd anil th<; flmall space 
between the xinc and the ciirbtiii, have a low interDftl 
resistance, but Ihi'ir electromotive force is also 
slightly lower than that of a Leclanch^ cell proper. 
Tliey also polarlxu more easily than a good agglomer- 
ate LeclaDclu^ cell and the iKilnrixatjon lasts longer, 
that is, the recovery is slower. Their chief recom- 
memiiillDns are sim'plicitv and cheapness, 
10!). Tlii> I'lcctriimutive force of the Leclanollii 




to 1.7 volts— the voltage ot al- 
>'ll after it has been working a 
short time on a circuit of low resistance falls U> one 
voll.. T!ie itiiernal resislanee ranjreR from one-third 
of an ohm to two ohms. The lower figure is reached 
by the best types of agglomerate cells, while the 
higher is about the average of iKinnis cup cells. If 
the reslKtance is higher than this the iMllery is in bad 
condilion. The open olrciiil Iwlti'ry witlumldepolar- 
«c^ Aas an i-li-clrumiiU\f foro- ot aVwvxt \ .^ mA\» >A 
ttc iM-sl ami nil /iileriiiil resisliince <>t a\»>vU ini»-vWii4 
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110. The form of closed circuit battery moat used 
in telepiione work is the Fuiler bichromate. This is 
a /inc-carbon celi with an exciting solution o( dilute 
sulphuric acid or common salt, and a depolarizing 
solution or bichromate of soda and sulphuric acid. 
The 7,inc is cast in the shape of a conicul block, and 

ir rod flcmly attached to It for the 
connection: the block rests on 
the botttom of a porous cup in 
which about an ounce of mer- 
cury is placed. The mercury 
keeps the zinc constantly amal- 
gamated as the surface is worn 
away by the action of the bat- 
tery. The porous cup (Fig. 64) 
holds the exciting solution of 
dilute acid or salt. The carbon 
is a plate of carbon of good 
quality which is placed in the 
outer jar containing the depol- 
arizing mixture. In large cells 
Hj m^Tn™ -or '*" or three carbon plates con- 
rnBOHA^ c^L "^"^'^"^ together are generally 
CHROMA TB CKLL. ^^^ jjjj. jjjg g^^g g, Increasing 

the surface of the negative plate. This battery has 
an electromotive force of slightly over two volts and 
a resistance of about one- third of an ohm. 

111. The gravity battery, of which there are many 
forms on the market, is a modification of the original 
Daniell nipc-copper cell with dejtolari/er of copper 
sulphate. The exciting solution is a weak solution 
of zinc sulpliste. The copper is placed on the bottom 
of the jar, and la cn^'ered with a saturated «i'.M.^SK«i 
of copper sulpliat)!; aiiuaiUHv o\ ci^-?i\.B.\?. o^ ^^W*^, 
sulphate arc added to the aiAuUon \» mw^V^^'^^ 
alwars at the iH)int of satutaUow, a* ^.V« '^'^•"*Y\^^ v. 

pbato in used up from tin- soU\U(m t\\o. s,»i\>'^^! ' 
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up by the dissolving of !he crystals. Above the 
copper sulphate solution is placed a ^lution of 7.inc 
sulphate, and the xinc plate is suspended in this solu- 
tion. Owing to the different densities of the two 
solutions they do not mix unless the cell is shaken 
up; it is necessary to pour in the zinc solution very 
carefnily and to keep llie cell stationary. As before 
stated, this battery is not suitable for intermittent 
work. If left for any time on op4>n circuit the copper 
solution wili dittuse into the Kinc solution, and black 
deposits of copper will form on the zinc plate, result- 
ing- In a reduction of the efficiency of the battery. 
The gravity battery has an electromotive force of 
about one volt and an int'.'rnal 
resistance when in good con- 
dition of about one-fifth of an 
ohm. 

112. A form of cell that can 
hi: used for both open and closoil 
circuit work has lately attract- 
ed considerable attention, and 
it unduubtedlr has its good fea- 
turi's. This is the Edison- 
I..aliindo copper oxide battery. •'"3- 85. edibok-la 
Copper oxide is an excellent i^hdb coppeir 
depolarizer, as it parts with oxide cell. 
its oxygen very readil,v. In the E<lison-Tjalande 
cell, F'ig. C5, a plate of compressed copper oxide is 
used as the neftiillve plate. The plate is suspended 
from the Insulating cover of the cell by a copper 
^^^ frame, and the Kinc plate also hangs from the cover. 
^^^ The exciting liquid is a solution of caustic potash. 
^B In the action of the cell the copper oxide is decom- 
W posed, and metallic copper is deposited, partly on the 
r negative plate, and partly in the form of a black 
■ powder which falls to the bottom of the cell. The 
M good points of this battery are itssimpllciiy,tiiere being 
J lew parts and but a single solution, and its extremely 
^P , low internal resistance, which even in the small 
f Sizes, is considerably less than one-tenth of an ohm. 
■ ' As an offset it has a low electromotive force, not 
[. more than three-quarters of a volt, so that two cells 
r vrouJd be jvqiiired to work a Blake IransmlUet, an4\\, 

's an expensive cell bolh in first cosl andVuTOWW 
f finance. 
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f BATTERIES. 

113. The battery being so important a part of 
a telephone equipment great care should be exercised 
ill its selection and maintenance. The essential 
requisites to be observed in the selection of a battery 
are that the materials should be of good quality. In 
thp I^elanch^ battery the carbon plate should be a 
iiard, solid pieceof gas-retort carbon; the binding post 
should be firmly attached to it in such 
a way as to guard against any risk of 
corrosion producing a. bad contact be 
tween the platf and the post The 
upper part of the carbon rod is gener 
alh soaked in parifHne wax to about an 
inch below the Utp to preienl the 
solution from creeping up and cnstal 
1 lining on the carbon The 7inc rod 
I slionld be of pure metal and should 
I weigh about three ounii s If a zinc 
I plate IS used it should be of rolled /ini 
last W hen the batterj is set up 
inc rod is amalgamated by clean 
with dilute sulphuric acid and 
dipping in mercury or b\ rubbing a 
small quantity of mercury well o\er 
I Iht rod The mercury adheres to the 
7]ncandgi\es a bright clean surface 
Ki(i GC lock'^*^^ '•''J*''' °f ''*'^ amalgamation is to 
NLtT B\T Pt^^^iit tucal action thit is the sett 
TERV BIND "It? up of Small currcnts between the 
INO i"OST minute impurities that exist in c\en 
Ihf, purest grades of tommercial 7inc 
The film of mircurj masks these foreign partitles 
and causes them to bt disso1\ed out as the zinc 
wears down without interfering with the pertor 
malice of the batter\ b\ setting up local action as 
they would in the absence of thi merturj The 
best form of binding post for both Aoc and ci^tusa 
elements is the double lock nwt \i\'!\'\\'ci?,v'ss\.-«\'Cn.^'^'^ 
washers(Fig 6(1) This Ruesa (tvi^ievwt co^^^t'Oi™- 
than the ordinary thumVj-actcv,- V-viS.\w?; V^>.v\«\.« 
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point, as in the dome-shaped binding posts. It is 
(juite important to have good binding posts in tele- 
phone work. Figs. 6(5 a and b show the best form 
for all connections where cords having metal tips are 
used. 

114. The sal-ammoniac used for the solution 
should be as pure as can be obtained. Impurities in 
the solution will cause the battery to get into a dirty 
condition, giving deposits in the cell and on the zinc, 
impairing th<? efficiency of the battery. A test for 
impurities in the sal-ammoniac is to heat a small 




PIGS. 06 A AND 66B. STANDARD LOCK NUT TELEPHONE 

TIP BINDING POST. 



quantity over the flame of a Hunsen burner or spirit 

lamp. The sal-ammoniac should all go off in white 

fumes under the action of the h»»at, and if anv residue 

is left after continued heating the sal-ammoniac is of 

poor quality. x\nother test is to add to a solution 

- of sal-ammoniac a small quantity of hydrochloric 

acid and barium chloride. If the mixture becomes 

discolored and a precipitate is formed the sal- 

ammoniac is imjmro. Of course it is not \>ra.cUca- 

A/e to buy chomicaUy pure materials ^ot b^A-VexV^^, 

^^ut the ordinHrv rommercial chemicals dil^et ViOi^X^ 

^ quality, and if large quantities are wseOi \X \>aiV^ Vc 
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inspect them systematically and to reject those that 
do not come up to a certain standard. 

115. In setting up Lelanche batteries it is the 
usual practice to employ a saturated solution of sal- 
ammoniac. The risk of "creeping" will be greatly 
lessened, however, if the solution is slightly under 
the saturation point. A saturated solution should 
first be made, and then water to the extent of about 
one-tenth to one-twentieth of its volume should bo 
added. It is a good plan to filter the solution through 
a coarse cloth to remove all matter floating or held 
in suspension in the liquid. In setting up the porous 
cup form of cell a small quantity of the solution 
should be poured into the porous cup through the hole 
in the sealed top. In the maintenance of the battery 
it should be inspected for discoloration of the solu- 
tion, irregular consumption of the zinc and creeping 
of the solution over the tops of the plates and the con- 
taining jar. The tops of the jars are generally coated 
with paraffin to prevent creeping. To replenish 
the battery a new solution of sal-ammoniac should 
be used; no sal-ammoniac should ever be added to an 
old solution. At the same time the zinc should be 
washed, scraped and re-amalgamated; if the zinc is 
badly pitted or worn away irregularly, or eaten into 
near the surface of the solution, it should be thrown 
away, as these are signs of local action, and a new zinc 
Rhould be substituted. The porous cup should be soaked 
in clean water for some hours and washed out. The 
containing jar should be thoroughly washed and 
dried. If any signs of creeping are observed the 
battery should be taken apart and thoroughly 
cleaned before being again set up. At all times the 
greatest care should be taken not to wet with the 
solution any part of the jar or plates above the sur- 
face of the solution in the cell, as this would almost 
inevitably give rise to creeping. In agglomerate 
batteries the carbons and agglomerate blocks or rods 
should be thoroughly washed and cleaned by scraping 
or rubbing whenever the battery is set up afresh. 
This applies to the carbons of baU^xxes^ \vaN\^^^^ 
depolarizer. In most baUexie^ \Xvfe w^<e«>-^vM^ ^^^ 
will last out several renewaVs ol Wvci "^^"^^^^ V'^lLSvxSXJ 
but in time it will become c\o^s^eL \i^ ^^"^^^^^^^^ 
material, causing so in\ic\\ \ncT^>\^^ '^^ ^^ 
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resistance of the cell, indicated by a very weak 
current on short circuit, that a new carbon will be 
required. 

116. In the Fuller battery the important point is 
that the zinc shall be of good quality and kept well 
amalgamated. A certain amount of consumption of 
the zinc goes on even when the battery is doing no • 
work, but this is minimized by keeping a good supply 
of mercury in the porous pot for the amalgamation ol 
the zinc. The carbon plates are similar to those used 
In the Leclanche battery; to get a low internal resist- 
ance three plates are used in the large sized cell. 
The solution placed in the porous cup with the zinc 
is of common salt, about three ounces of salt to a 
pint of water. The depolarizing solution is best made 
with bichromate of soda, which has various chemical 
advantages over bichromate of potash, and is more 
easily soluble in water. The proportions of the 
depolarizing mixture are two parts of bichromate of 
soda, ten parts of water and five of sulphuric acid, all 
by weight. Six ounces of bichromate dissolved in 
about a quart of water with one pound of sulphuric 
acid will make sufficient depolarizing solution for a 
half-gallon battery jar. To prepare the mixture the 
bichromate should be thoroughly dissolved in the 
water first and the acid then added very carefully and 
slowly; the addition of the acid causes the mixture to 
become heated, therefore the acid must be poured in 
very slowly or the sudden heat will crack the jar. 

117. In the maintenance of the battery the solution 
in the porous cup should be renewed occasionally and 
the zinc cleaned; the mercury in the porous" cup 

^should be carefully preserved and the quantity kept 
ip to the mark. The depolarizing solution should 
watched for a change in color from red to brown- 
ish green; when the redcolor has entirely disappeared 
tthe solution is spent, and the battery must be cleaned 
fand replenished. If the battery is doing verj' hard 
work the exciting solution will outlast the depolarizer, 
and in practice it is seldom necessary to change the 
one without also also renewing the other and making 
a complete job of it. On the other hand, the depolar- 
Jzer is what costs in maintaining tYve "baUexy , a.w^ 
Jt should not he thrown out unless itisteaW^ m^^^ 
up. When the battery is cleaned \\\e cavbow p\?i\.^^ 
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and porous cup should be thoroughly soaked and 
washed in clean water. Any of the dark crystals that 
form on the porous cup and jar should be carefully 
removed; as a rule these crystals do not deposit until 
the solution is entirely spent and has not been re- 
newed in time. 

118. In setting up a gravity battery considerable 
care is necessary to prevent mixing of the solutions. 
The copper sulphate solution must be thoroughly 
saturated before the zinc-sulphate solution is added. 
Generally three or four pounds of sulphate of copper 
in crystals are added to the solution to maintain it at 
saturation. The .weak solution of zinc sulphate is 
poured carefully in on top of the copper solution, 
which should about half fill the jar. A layer of the 
zinc solution is obtained sufficient to cover the zinc 
"crowfoot" when it is in place. The copper sulphate 
solution should not be replenished by dropping crys- 
tals through the zinc solution, as this will tend to 
cause the solutions to mix. The zinc solution should 
be drawn oft" by means of a battery syringe 
or a siphon. Whenever the battery gets in bad con- 
dition the solutions should be drawn off, the plates 
scraped and cleaned, and the zinc re-amalgamated 
and the battery set up afresh. If used for open cir- 
cuit work the battery will require frequent cleaning 
out, as deposits of metallic copper form on the zinc, 
and the same conditions will result from moving or 
shaking the cells so as to cause diffusion of the solu- 
tions. The gravity battery is not a satisfactory 
battery for telephone work, except in situations where 
a continuous current is required. 

119. The Edison-Lalande battery has but one solu- 
tion, made by dissolving one part of caustic potash 
in three of water, by weight. The caustic potash is 
supplied in sticks of various sizes according to the 
size of the cell they accompany. It is highly impor- 
tant that the potash solution be protected from the 
atmosphere, or the solution will be spoiled by the 
formation of an insoluble carbonate of potash. The 
solution is therefore covered with a layer ot Vja-'jca^j 
oil, which forms a sepavalor v^^v^cVwaW^' ^wdx<JC\x^^ >n» 
from contact with the a\r. TY\^ \wn^^ '^^^ '^^ "^^^ 
never be omitted or theballexy v.^VW^^^^^^'^'^'^^'^I^x,^:; 
Great care must be observed \>\vaV \\Ae\^ ^^^^ ^"^ 
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between tho zinc plates and the copper oxide pUte 
within the cell, as they are very close together. For 
safety a plug of insulating material is generally in- 
serted to keep them apart. If the battery is required 
for use immediately after it is first set up it 
must be short-circuited for a few minutes in order to 
obtain a deposit of metallic copper on the negative 
element. It should not be short-circuited subse- 
quently, as owing to the low resistance of the cell the 
heavy current that would pass would do considerable 
damage. The cell requires little care in mainten- 
ance when once properly set up. There is no local 
action, and the layer of oil prevents creeping and 
evaporation of the solution. When the solution is 
exhausted the cell should be taken apart and 
thoroughly cleaned, the zinc re-amalgamated and 
a new solution made up. I have not had extended 
practical experience with this battery, which, while it 
has manifest advantages has two serious drawbacks in 
its low electromotive force and its ex pensiveness. The 
fact that the negative plate is used up should make 
this battery expensive to maintain; I believe the 
manufacturers proposed to allow for the metallic 
copper deposited in the batteries, as it could be again 
converted into the oxide, but this is an arrangement 
scarcely likely to meet with much favor, owing to the 
trouble of recovering the copper in sufficient quantity 
to make it worth while. 

120. All batteries should be placed where they will 
not be exposed to extremes of heat or cold, and should 
be protected from dust and dirt. Where possible the 
cells themselves should have covers to prevent rapid 
evaporation of the solution. A dry, cool place is the 
best situation for a battery. 



CHAPTER XXV. 

MAGNETO BELLS. 



112. The magneto bell has in this country entirely 

superseded the ordinary electric bell for signaling over 

telephone lines. It has the advantage of great con- 

venience, long range and reliability. Its clviet dia- 

sd vantages are its high cost and compaTaUvei cotxv- 

/^Jcatjoa. The magneto bell consists ptopexVy ol V?io 
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distinct parts: the generator, for sending out signals, 
and the ringer or bell, for receiving them. The 
generator is a small alternating current dynamo, (Fig. 
67) having an armature wound to a high resistance 
with a large quantity of very fine wire, the armature 
being so mounted that it can be revolved in a mag- 
netic field created by two or three powerful perma- 
nent magnets of horse-shoe 
form, the poles of which de- 
scend on either side of the 
armature. The ringer (Fig. 
68) consists of a small electro- 
magnet with a pivoted arma- 
ture that plays just over the 
poles; the armature carries a 
hammer, mounted at right 
angles to it, which strikes 
against two gongs when the 
armature is vibrated. A small 
permanent magnet is fixed to 
the frame carrying the electro- 
magnet and this magnetizes 
by induction the cores of the 
electro-magnet and the arma- 
ture, giving the latter a bias 
toward one of the poles of the 
electro-magnet. This arrange- 
ment is usually called a polar- 
ized bell, it being a modifica- 
tion of the polarized relay 
used in telegraphy. When 
alternating currents are sent 
through the coils of the elec- 
tro-magnet (Fig. 69) rapid 
fiG 67. MAGNETO GEN- reversals of magnetism are 

BRATOR AND BELL. PF^d^?^^' J^\^^ ^et up a 

vibration of the armature. 
The efficient action of the bell depends on the 
permanent magnet and the adjustment of the arma- 
ture, which should not stick to the poles of the 
magnet. Fig. 70 shows arrangement of Post magneto 
bell complete. 

122. The armature coil ot t\\egeu^x%XQ^\v^^^^,^^l 
high resistance, so that to peX ^oo^ ^\^\v'e^'^ ^^^^^ 
necessary that the armature co\\ nX \>\ve t^^cKnw^^'^^ 







greatly wfakt'ii llit 




trould 
received by the rioger 
magnets. Several differ- 
ent styles ot auiomatlo 
\ switch have been devis- 
\ ed to cut out the arma- 
V ture when it is at rest 
ffiQand to cut it in when 
1^ revolved for sending 
J out a call. In the form 
/ shown In Fig. 71 the ooii 
^ is normally cut out by 

the pressure o! the 
spindle on which the 
driving wheel is moun- 
ted against a contact 
plate uttHclied to an insulated block. A spiral 
spring, acting on a collar fixed to the spindle, holds 
the latter up tii the contact plate — 

and presses a pin projecting from 
the spindle into a notch cut In the / 
hub of the driving wheel, which 
is loose on the spindle. When the 
handle is turned the driving 
wheel at first refuses to move and 
the pin rides out of the notch, 
drawing the spindle away from 
the contact plate and breaking 
the short circuit. As soon as the 
pin rides up on the edge of the 
hub the driving wheel revolves 
and turns the armature by the 
smaller geared wheel in which it 
engages. When the handle is let 
go the pressure of the spiral spring 
pulls the pin into the notch and >- 
the spindle again touches the 
conlftut plate, short-circuiting the fi 
arm a turn. ( 

123. In the J*<m magneto bell bratob.si 
the cut-out works by centrifugal i 
force and is atlautieO to the shaft bet ai 
"/ Ihe armature itself. One end TuaE b 
•If I ho Hrm»Uirp coil is atlaclu'd Id Uio \toi\ s\™vtte 
""« tlw ulhiT til a atud which Is insulftVvi Stohv >.'^« 
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iron and haH a platinum contact, lip. On this 1i|i 
tiurmally rests a small brass bob carried at the fnd 
ot a light spring screwed to the armature shaft. 
By the connection between the spring and the in- 
siiiated stud the armature coil Is short-circuited 
when at rest. When the armature is revolved the 
effect o! centrifu^'al force causes the brass hob ti> 
Hy away from the stud, opening the short circuit. 
A stop prevents the bob from flying out too far. 
When the armature stops revolving the spring pressi's 




PIG, 70. COMPLETE MAONF.TO- 



of c 






very simple /orm of automatic cut-out is 
shown in Figs, 73 and 74. The handle by which the 
armature is revolved engages with the driving wheel 
by means of a pin working in a short slot cut in the 
wheel, A spring holds the pin against one end aCt.K% 
slot, making a good contact beVwd.'ew We \>Vi^ wcvii.'Caii 
wheel; this short-circuits lV\e aimwVwTe i;W\\. -i»V\^^* 

connected to pin and whee\. \\\wa\ '^'^^-V^^*^^,! 

turned the pin is moved tovw.vti \.o \\\>; '^^^^^^ * 
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the slot, where it presses against an insulating block 
fixed there; as long as the handle is turned the pin 
is held against the insulating piece and is insulated 
from the wheel, thus breaking the short circuit. 
125. Magneto bells are much more satisfactory 

for telephone 
work than elec- 
tric beMs. Hav- 
ing no battery 
to be looked 
after there is 
little expense 
for mainte- 
nance and in- 
spection. They 
^ ^ can be made to 

FIG. 71. AUTOMATIC CUT OUT FOR AR- "°.^ hiJh^^^ 
MATURE COIL. 6' END OF ARMATURE .^f ^l' 
COIL JOINED TO CONTACT PLATE, C ?»StanceS, IHal 

IS, over very 




END OP ARMATURE COIL JOINED 
TO SPINDLE. D NOTCHED HUB OF 



long circuits. 



WHEEL, P PIN, F COLLAR ON SPIN- ^hej' »«'. l"'* 

_ _ _ ' ever, consider- 

ably more ex- 
pensive in first CDSt than an electric bell and 
battery, and for very short lines electric bells will be 
more economical. For lines of anything over half a 
mile magneto bells will be found more satisfactory 
and cheaper in the end, in spite of the first cost. 
They are necessarily somewhat expensive, as both 
material and labor are of importance in turning out 
a good bell. A cheaply 
made magneto bell, in 
which magnets of poor 
quality ar.* used, is very 
^ liable to get out of order i^^v^ c«< 

\ ^''?oa'' ^^'^ ^^^ '^•'"^\'- FIG. 72. POST AUTOMATIC AR- 

» 126. Two very simple mature cut out. 

I forms of magneto gene- 

J rators or calls without driving gear have been devised, 
m one by M. Abdank-Abakanowitz, and the other by 
F Messrs. Cox-Walker and Campbell-Swinton. M. 
A bdank attaches the armature, in the Iotiu ol ^ ^tnX 
ooj'l to a strong steel spring which p\ays betweexv Wve 
J^/es of a, horse-shoe permanent magnet, l^y puWVn^ 
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the spring to one side and lotting it go the armature 
coil is made to vibrate rapidly for some time within 
the magnetic field,, resulting in the induction in the 
coil of alternating currents, which are sent out to line. 
127. In the Walker-Swinton generator the arma- 
ture is pivoted on a spindle between 
the poles of a permanent magnet, but 
two stops prevent it from making 
more than a quarter of a revolution. 

^^Mgf^k A handle is fitted to the spindle by 
^ * "^ which the armature may be twisted 
m to and fro; for each movement a cur- 

Hj ^- HTfc i rent is generated in the armature. 
■ This call is used with a bell giving 

single strokes, and it makes a handy 
arrangement where combination ai^- 
nals are wanted to distinguish between 




PIG. 73. AUTO- 
MATIC CUT 

OUTDRIVING g^ number of different stations.' 
WHEEL. 128. A form of magneto bell de- 

signed for use where several stations are operated on 
one line has recently been invented by J. J. ('arty, of 
the Metropolitan Telephone company. New York. 
This bell, generally known as the "bridging" bell, 
embodies several novel features; it will be described 
in a separate chapter. 

129. In situations where a bell 
is required to ring at some dis- 
tance from the telephone set what 
is called an extension bell is used.i 
This consists simi^ly of the polar- 
ized bell or ringer movement of a 
magneto bell, placed in a small 
case provided with terminals for 
connecting to the circuit. Exten- 
sion bells should not be connected ^^^^' ''^ automatic 
directly in the line, but in the ^^'^^ ^^ '^• 

ringing circuit, so as to be cut out when the receiver 
is off the hook. (See Fig. 79). 
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130. In a complete \e\op\AOW^ ^vA vv ^^'^^"^^ '^^^^ 
quired to aiter i]v- connecWows ^ox \\\v»\v\^^^^ ^*^ 



so 
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This switch must be so arranged that it normally 
connects the bell to line, enabling calls to be sent or 
received, and in its second position cuts oyt the bell 
and connects the line to the telephone circuit proper, 
at the same time closing the primary circuit of the 
transmitter. 

131. The different circuits of a telephone set are 

generally known as the ringing circuit, consisting of 

- the magneto generator 

\ ^--- ^ >« ■ 57 BSbJ^*^^ the polarized bell; 

the talking circuit, con- 
sisting of the secondary 
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of the induction coil 
and the receiver; and 
the primai'y circuit, consisting of the battery, the 
variable resistance of the transmitter and the pri- 
mary of the induction coil. The switch, then, in 
its normal position connects the line to the ringing 
circuit, leaving both talking and primary circuits 
open; in its second position it leaves the ringing cir- 
cuit open or short-circuits it, connects the line to the 
talking circuit and closes the primary circuit. The 
switch is made to act automatically. A pivoted 




PIG. 76. IMPROVED FORM OF AUTOMATIC SWITCH. 



• metal lever pressed upward by a spring is held down 

^when the telephone is not in use by the weight of the 

K receiver, which hangs in a prong or on a hook at the 

W free end of the lever. When the receiver is taken 

P off the spring causes the lever to fly up. When down 

] the lever has to make a single contact and when up 

jt has to close two. There are several forms of auto- 

matJc switches in use, and obviously there is a vatV^V.^ 

^^ ways in which the three contacts maybe atraivfte^. 

-^^-. It should be borne in mind that t\vc ^^aUat 
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arrangnmont of a contact that is frcciucntl}- opened 
and closed is that there should be a rubbing of the 
sufaces at each motion, so that the friction shall keep 
the surfaces clean. Rubbing contacts are better than 
pressing, and vertical contacts better than horizontal, 
as they are less liable to collect dust. In most forms 
of automatic switch one end of the secondary and 
one end of the primary are joined together at one 
of the contacts. To avoid this switches have 
been designed with a piece of metal insulated from 
the arm to close the primary circuit alone, thereby 
keeping it entirely distinct from the secondary' of the 
induction coil. There is no real necessity for this 
arrangement, which adds to the expense of the 
switch, as there is no valid objection to the connec- 
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FIG. 7/. DIAGRAM OF CONNECTIONS OF POST MAG- 
NETO BELL AND TELEPHONE SET. 

tion of primary and secondary at one point, provided 
that the contacts are properly arranged. 

133. A form of automatic switch, shown in Fig. 
75, that is a good deal used makes rubbing contact 
with vertical springs, to which the circuits are con- 
nected. When down the lever is against one spring 
connecting with the ringing circuit and when up it 
is clear of this spring and against three others corres- 
ponding to the talking and ])rimary circuits, the lever 
itself being permanently connected with the line. 

134. Another form of switch, shown in Fig. 76, 
makes the connection with the ringing circuit by 
pressing on a strong spring contact, and the talking 
and primary circuit connections^ by vcvvwws* v^\. ^^ \v^^- 
jection nt tho ])i voted end o^ \\\v \v>nv^\ Vv\\Ocv x>j^'^ 
against vorticdl springs w\ao\\ WwV'W^v \l^^v^'e^ ^^V- ^^^>" 
routing blocka uii the kvev \aVwVi V\vvi \>^^i'*.^^^^^^ ^^^ ^^ 
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dififerent springs, so that in each position of the lever 
the spring or springs not in metallic contact are 
properly insulated. The contacts in each case are 
accompanied by a certain amount of rubbing between 
the metal surfaces. This is a very good style of 
switch and is now used on all the standard forms of 
^lephone sets. The attachment of the line to the 
arm of the switch is always made by a separate con- 
nection and not through the bracket and pivpt. This 
provides against any risk of a bad connection in the 
pivot through the presence of grease or corrosion. 
135. Two different methods of arranging the con- 
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FIG. 78. DIAGRAM OF CONNECTIONS OF W. E. NO. 2 
MAGNETO BELL AND TELEPHONE SET. 

nections of the different circuits and the automatic 
switch are shown in Figs. 77 and 78. Fig. 77 shows 
that usually employed with what is known as the 
; Post magneto bell. It will be noticed that the line is 
connected to the lever, which passes it either to the 
ringing or to the talking circuit. When the lever is up 
it closes the primary circuit by connecting the two 
springs. Fig. 78 shows the connections of the 
Western Electric No. 2 magneto bell. The switch 
has one lower and two upper contacts. The line is 
connected to the ringing circuit with a branch run- 
ning to one of the upper contacts. The lower con- 
tact is connected to the return wire or to the 
ground; the prim&ry circuit is coi\v\i\ec\.ed lo IV\^ 

second upper contact and to the taVkm^ cytcwW. 

TAe second side of the ringing circuVl a.i\d oiv^ ?»\^^ 
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of the talking circuit are connected to the lever, 
the second side of the talking circuit being con- 
nected to the return line or to ground. When the 
lever is down the current passes through the ringing 
circuit and by the lever out to line or to ground by the 
lower spring contact; when the lever is up it short- 
circuits the ringing circuit, throwing the line onto 
the talking circuit and closing the primary circuit. 
This arrangement is unnecessarily complicated and 
has several defects, notably that the ringing circuit 
is not left open when the telephone is to line; if the 
contact between the lever and the first upper spring 
is not good the ringing circuit makes a shunt across 
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FIG. 79. DIAGRAM SHOWING PROPER CONNECTIONS OP 

EXTENSION BELL. 

the talking circuit, to the detriment of good trans 
mission. 

136. The automatic switch is always placed in the 
case of the magneto bell, the hook for holding 
the receiver projecting through a slot in the side. 
The spring controlling the switch should be power- 

■ ful, to ensure firm contacts. The contact surfaces 
should be faced with platinum. The connection with 
the lever should be made by a spiral coil of wire or 
short, metal arm connected directly with the lever, 
as the pivot is liable to introduce resistance. Fig. 79 
shows the proper method of connecting a series exten- 
sion bell. 

137. In the British Post Office telephone system 
the automatic switch is arrawv^v^X U> Vsvwvii \i<^\\\ ^i>'^i\ 
ADd rinfr-off signal to the cvwVtwX a^v.\v^. K V^^V«:^ 
current is us<mI instead v^l umvv^vwVo ^jv-wwaXv^^^- ^ 
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Steady current is koi)t to line, and the action of taking 
the receiver otf the hook breaks the current and 
throws an indicator needle at the central office. 
Hanging: up the receiver closes the circuit and throws 
the indicator needle back to its normal position. 
This is a very convenient arrangement where battery 
current is used for signalling, and not only simplifies 
the subscriber's operations but also saves time. It 
necessitates, however, the maintenance of a large 
number of batteries. 



CHAPTER XXVII. 

TELEPHONE LINE CONSTRUCTION. 

138. In the earlv davs of telephonv it was consid- 

ft • & » 

ered that any kind of construction was good enough 
for telephone work, and as a consequence telephone 
installations generallj' worked badly. To-day the 
reverse is the case, and the very best construction is 
not thought too good. In good practice every possi- 
ble refinement in construction and equipment is car- 
ried out, down to the smallest details. A very little 
consideration of the case is required to see how 
necessary this is. The telephone is the most sensi- 
tive electrical instrument known, and as it is so sensi- 
tive the introduction of all foreign currents into the 
line, either by induction or by leakage, must be 
carefully guarded against. The telei)honic current, 
even from the most powerful carbon transmitter, is a 
feeble current compared with those employed, for 
instance, in telegraphy, and therefore undue loss by 
leakage or in overcoming resistance must be avoided. 
Leakage, too, is double-acting in its bad effects, as it 
facilitates the introduction of foreign currents into 
the line. In the telephone line, then, we need a good 
conductor; that is, one of low resistance, well insu- 
lated, and as far removed as possible from sources of 
induction. 

139. For short distance lines galvanized iron or 
steel wire is used on account of its strength and 
ch3apness, the relatively high resistance of iron not 
being a great objection on short lines. For long dis- 
tance work copj)er wire has entirely superseded iron. 

140. The eiectrical properties <\\ eo\^vv^Y \vi\\v\vi\ 
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it greatly superior to iron for telegraph and especially 
for telephone lines. The conductivity of copper is 
six times higher than that of iron, so that for 
the same resistance a copper wire will have only 
one-sixth the weight of an iron wire. Another ad- 
vantage is that the speed of transmission is greater 
over a. copper than over an iron wire, as the quality 
termed electro-magnetic inei'tia (that is, the tendency 
of the conductor to check the speed of the 
current in traveling along it) is much less pro- 
nounced in copper than in iron. This is of great im- 
portance in telephony, owing to the extremely rapid 
reversals and variations in strength of the telephonic 
current. Hard drawn copper wire is now made prac- 
tically of equal strength with iron or steel, so that the 
mechanical objections to its use for overhead line 
construction that obtained before the introduc- 
tion of the hard drawing process no longer exist. 

141. The size of hard drawn copper wire generally 
used for telephone lines in this country is No. 12, 
standard gauge, having a diameter of 104 mils, 
a weight of 166 pounds per mile and a resistance of 
5.2 ohms per mile. For short lines No. 14, diameter 
80 mils, weight 102 pounds, and resistance 8.7 
ohms per mile, is a sufficiently heavy wire, and 
amply strong enough if carefully put up, with not too 
long spans. The practice of calling ditferent sizes of 
wire either by their weight per mile or their diameter 
in mils (thousandths of an inch) is fortunately in- 
creasing, as either way is much less confusing than 
the use of an\' one of the numerous gauges now in 
existence. Two handy rules to remember in connec- 
tion with the diameter, weight and resistance of copper 
wires are these: The weight in pounds per mile 
can be found by dividing the square of the diamrtrr 
in mils by the constant 62.57; and, convrrsrly, 
the diameter can be found from the weight by multi- 
plying the weight by 62.57 and extracting the square 
root of the number obtained. The resistance in ohms 
per mile is found by dividing the constant 890 by the 
weight per mile. (See Appendix.) 

142. Hard drawn copper wire should be pliable, 
not brittle, perfectly cylindrical and uniform in 
quality, and free from scales, fiaws, splits vu\<.V vANns^^ 
defects. Jt should be in loui: vw^viv^-s-, Ww^ \^\\\\\sNxca\ 
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. weight of a coil without joint is generally fixed at 50 
pounds. When bought in targe quantities the wire 
is generally tested tor tensile strength and ductility. 
The breaking weight of the 104 mils wire 
should be not less than 500 pounds, and the wire 
should take 24 twists in three inches without break- 




FIU. 80. TBLKPnONE INSULATOR AND PIN. 

inR. A good test for the ductility of hard drawn 
copper wire is to wrap a piece of the wire six times 
around itself, unwrap, and wrap again six times in 
the same direotion; the wire should stand this per- 
formance without breaking. The resistance of wire 
for overhead work is measured at a temperature of 
60 F A chanpe o( 1° F. in the ti>mperature of a 
copper wire changes its resistance about one-fifth of 
one per cent. It the temperature increases the resist- 
ance loCTeases, and vice ter»a. Thus, a wire having a 
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resistance of 100 ohms at 60" will measure 102 ohms 
at TO** and but 98 ohms at 50°. 

143. The insulator generally used for telephone 
lines is of clear glass of the form shown in Fig. 80. 
It is about 4 inches high and 2i inches in diameter; 



=^^J^^^^^^^i^^^^ 





^%^^^^fe^^^2^^^ 



FIG. 81. METHOD OF TYING LINE WIRE TO INSULATOR. 

the sides are vertical, and the groove for the wire is 
placed well above the centre. This style of insulator 
has given good results, and is largely used; its shape 
insures good insulation and the clear glass is found 
to be better than green, as the free penetration of 
light discourages insects from making their homes 
under the insulators. The insulator is threaded for 




FIG. 82. AMERICAN TELEGRAPH JOINT. 

a locust pin 1 inch in diameter at the threaded part 
and U inches at the socket. The pin is generally 
fitted into a hole in the centre of the cross arm and 
held by a nail driven through cross arm and pin. 
The method of tying the wire to the insulator is shown 
in Fig. 81. A piece of wire of the same size as the 
line wire, and about two feet long, is carried once 
round the groove in the insulator, the ends exjo^^-e^J. 
over and Japped rouncX l\\e \m^. m\^" ^n>' ^"t ^vs. \:\:sssi.'^« 
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This makes a strong tie if properly done, and is much 
quicker than tying with a finer size of wire, which 
necessitates a much greater number of turns. In ter- 
minating a line the wire is generally "dead ended'* 
on either a shackle or an ordinary insulator; the 
wire is given a round turn on the insulator, and the 
free end is brought back and twisted round the taut 

wire or bound to it by a 
piece of tie wire. A 
piece of the end is gen- 
erally left projecting be- 
FiG. 83. BBiTANNiA JOINT, yo^d the joint for attach- 
ing the leading in wire; with the twisted sleeves the 
loading in wire can be joined directly to the line. 

144. Particular care is necessary in making the 
joints in a telephone wire, as a loose joint is apt ta 
constitute a sort of microphonic contact in itself and 
to produce noises in the line. The ordinary telegraph 
joint. Fig. 82, is not reliable enough for telephone 
work and should not be used. When it Is used the 
joint should be carefully covered over with tin foil 
and taped with ordinary jointing tape. This will 
tend to keep out moisture and prevent corrosion. No 
American linemen can be induced to solder joints, 
and the tin foil and tape covering has been introduced 
as a substitute, but it is a poor makeshift. The 
Britannia joint. Fig. ^mmi'mmmmmms^msKammam^H^^^ 

ping the ends of the 

wires and binding 

them Willi a fine tie 

wire is very much ^7'>^''^7^?^^J'>^^~'>" ^ h 

safer, but requires to 

be soldered to make a 

good job of it. The 

(luickost and safest 

way of jointing is by the use of the well-known Mcln- 

tyre sleeves. Fig. 84. The ends of the wires are 

slipped into a double sleeve of the proper size, and 

the sleeve is then twisted with a special tool. These 

joints have given excellent results, both electrically 

and mechanically, and they are very quickly made. 

145. The construction of an overhead line must 
a)wajs he governed bv the local ccmdition^, live uum- 
i>er of wire$ to be erected, their we\p;\\V -au^ ^o o\x. 




FIG. 84. MC INTYBE SLEEVE 
JOINT. 
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In putting up copper wire in hot weather, the pre- 
caution should be taken not to stretch it too tautly 
or the contraction of the wire the following 
winter will cause trouble. Hard drawn copper re- 
quires considerable care in handling to prevent kinks 
or bruises which may cause breaks when the wire is 
strained up. The spans may vary from 250 feet for a 
single line to 130 feet for a line carrying a large num- 
ber of wires. The details of poles and pole set- 
ting, housetop fixtures, etc., will vary in almost every 
case, and there is very little that can be laid down 
specifically that will apply to all. The most import- 
ant points to be observed are substantial construction 
in all respects, poles one-sixth, at the least, in the 
ground, placed nearer together on curves than on the 
straight, properly guyed or braced against side or 
unequal strains, and the wires kept well clear of trees, 
buildings or projections, and of all other wires or fix- 
tures. On lines carrying a largo number of wires the 
cross arms should be braced to the pole with iron 
braces. Cross arms are generally made of seasoned 
pine and should be thoroughly painted before being 
put up. They should be braced to the poles with 
galvanized iron strap braces, as shown in Fig. 85. 
The best material for poles is live cedar or chest- 
nut. Nothing shorter than an eighteen-foot pole 
should be used, even for a single circuit in open 
country; for a heavy line poles of about twice this 
length are generally used. Excessively' tall poles are 
not advisable except where absolutely necessary to 
make crossings or to clear other lines, as the leverage 
is so great that in heavy storms they are liable to be 
broken off short or pulled entirely out of the ground. 
To protect the wires from lightning discharges a 
heavy galvanized iron wire is stapled to the pole from 
top to bottom; the lower end is coiled round the pole 
two or three times to give good earth contact. These 
lightning rods should be placed not less frequently 
than at every tenth pole. 



CHAPTER XXVni. 

METALIJC CIRCUITS. 

146. The essential i^iaUue^ ^A *a. m^\.v^\^ ^vt^xvxv 
telephone line is that l\\^i \.n\o ?\(Vv.^v. ^.A W^i v^v^^j.^^nN' 
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should be properly balanced as regards their elec- 
trical qualities and conditiona. Any departure from 
this rule will result in a noisy line. Each wire of the 
circuit should have as nearly as possible the same 
resistance, insulation and electrostatic capacity. 
Generally speaking this means that the two -wires 
should be of the same material, diameter and length, 
should he equally carefully Insulated, and that both 
should be carried on the 
sanie poles, and even- on 
the same cross arms. The 
electrostatic capacity of a 
wire depends upon the 
surface it exposes (in 
other words, upon its - 
diameter) and upon the 
height ut which it is 
Btrun;; above the ground 
(See Chap. 34). It is of 
the highest importance 
that a telephone line, es- 
pecially where long clr- 

should have a low capac- 
ity , as the effect of ca- 
••pacLty is to deaden and 
' muffle the transmission. 
In this we have another 
reason why copper is bet- 
ter than iron for tele- 
phone wire; for the same 
resistance a capper Is 
much smaller than an 
iron wire, and conse- 
quently the capacity is 
much less, as the surface exiiosed is less. For ex- 
ample, the superflcial area exposed by a mile of 
copper wire having a resistance of 5.2 ohms Is 143.75 
square feet, and that of an iron wire having a re- 
sistance of 6.75 ohms, which is the largest si/e 
generally used, is 334.5 square feet, or nearly two 
and a half times as much. The capacity of an 
overhead wire, however, does not vary directly as its 
surface, /n ifie instance just given l\\e c&va-c^Vi "^ 
the copper wire should be from 10 to 15 v*' ceat 
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lower than the iron, assuming the two to be strung at 
the same height above the ground. The capacity 
of a single wire is measured against the ground. 
The capacity of a loop or metallic circuit entirely 
disconnected from the ground is considerably less 
than the capacity of one of its wires against the 
ground. Theoretically it should be just one-half, 




FIG. 86. TRANSPOSITION INSULATOR AND PIN. 

but practically the capacity of an overhead metallic 
circuit is found to be about 60 per cent, of the ca- 
pacity of one of its wires against the ground. 

147. To insure a quiet line not only must the elec- 
trical qualities of each wire of a laetviWxQ. ^v^^^xs^n^ ^^ 
alike, but the electrical cotvd\X\oti^ ^\ovi\3LC,^^^s^ '^^^^^^^^ 
Deighboring wires must aV^o a^eeV ^vs.iiV^^^'^'^^^!^'*^ ^ 
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In other words, the relative exposure of each side of 
the circuit to sources of induction must be the same. 
This applies principally to other telegraphic or tele- 
phonic lines on the same set of poles. Even between 
two telephonic metallic circuits there may be strong 
induction, or * 'cross talk," as it is generally called, 
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if means be not taken to prevent it. The usual 
method is to cross or transpose the two wires of a 
circuit at certain poles along the line, so that for 
occasional stretches each wire takes the place of the 
other. The number of transpositions made varies 
according to the number of circuits on the line. On 
the main long distance telephone lines transposi- 




PIG. 88. PLAN OP 



TRANSPOSITION 
CIRCUIT. 
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tions are made about every quarter of a mile, but 
only on some of the circuits at each point; a regular 
system of transpositions is worked out for each par- 
ticular line, according to the number of circuits. The 
peculiar style of insulator used for making transposi- 
(jons J8 shown in Fig. SQ. It consists of two cwp-s\\«k.vfe^ 
S'/ass insula, tors sere wed on t he same piu . TYie meVYvoCi 
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of making the transposition is clearly shown in Figs. 
87 and 88. The transposition insulators make a 
break in each wire, the two ends of each side of the 
metallic circuit being dead-ended on the upper and 
lower oups of each insulator. By cross connecting 
the two wires on the upper insulators and the two on 
the lower the transposition is made and in the next 
span the relative position of the wires is reversed, the 
left hand becoming the right. The effect of the 
transposition is to cause any induced currents to be 
set up equally in each wire; they thus neutralize 
each other, and no disturbance is produced in the 
telephones at the terminal station. In comparatively 
short lines (of twenty or thirty miles) very few trans- 
positions are needed to secure silence, but the num- 
ber requisite must generally be determined by ex- 
periment. 

148. In England the practice obtains to some 
extent of changing the position of the wires at each 
cross arm, so that in every four spans the two wires 
of a circuit make a complete twist around each 
other. (See Fig. 89.) This is effective against in- 
duction, but does not make a sightly line, nor is it 
such simple construction as the transposition system. 



CHAPTER XXIX. 

UNDERGROUND WIRES. 

149. During the last few years overhead pole lines 
have been prohibited in many large cities and the 
telephone companies have been obliged to place their 
wires underground. Underground wires are pecul- 
iarly unfavorable to telephone work on account of 
their necessarily high electrostatic capacity, which 
is to a certain extent increased by the nearness of the 
wires to each other, as for economy a large number 
of wires have to be placed in a small space. In the 
last chapter it was stated that the capacity of an 
overhead wire depends on the height at which it is 
strung above the ground, which is the same as sayicv^jL 
that it depends on the thickness o^ tVv^ Vev,^^^ ^^"^ \xv^xv 
lating material (in this case Wve ^\t\ Vcv^iCv. 's^i.\>^^^^'^^^^^ 
from the ground. WWw a. tvwtcCoc^^ o^ \v^-^^^' 
circuits are on the same voYvi Wvi cw^'a-cw^ o 
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is increased, as the ground is thus brought nearer to 
them. In underground cables the wires are brought 
nearer to the ground in two ways; actually, and be- 
cause of the close proximity of the wires to each 
other. 

150. The electrostatic capacity of different insu- 
lators varies widely. Gutta percha, rubber and rubber 
compounds have the highest; paper, cotton, hemp 
and fibrous materials generally, oils and waxes, have 
a much lower capacity, and dry air has the lowest of 
any insulator known. The capacity of a mile of sub- 
marine cable conductor is more than twenty times 
higher than that of an overhead copper wire of approxi- 
mately equal resistance. The capacity of u con- 
ductor in the type of underground telephone cable 




FIG. 89. ENGLISH METHOD OF TRANSPOSINC* METAILIC 

CIRCUIT. 

put down three years ago, with cotton and paraffin 
insulation, is about twelve times higher than that of 
an overhead copper wire 104 mils in diameter; in 
this case the rt^sistance of the underground con- 
ductor is about seven times that of the overhead, as a 
much smaller wire is used. 

151. The standard type of underground telephone 

cable contains 100 wires. These are twisted in pairs 

with a lay of about three inches, and the pairs are 

cabled in reverse layers, forming a cable about If 

inches in diameter. This cable is enclosed in a lead 

pipe having an internal diameter of If inches. The 

pipe (Fig. 90) is ono-oighih inch thick, and is alloyed 

'VFi'th three per cent, of tin to prevent c\\em\c'A\ 'a,cV\ow 

tending to cat avfuy the lead. The conOiweVoi^ *a.w^ 
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itisulalioii uf lelt'plione cables have undergone coi 
siderable change during the few years that lelephon 
cables have bfen developing. Three j'ears ago th 
conductors were No. 18 B. & S. (40.3 mils), having 
resistance of about M ohms per mile, and were insi 
lated to an outside diameter of one-eiffhth of an inc 
with either cotton, hemp or paper. The cotton wi 
impregnated with paraflln, and the hemp or pap< 
with a compound containing principally resin oi 
The object of the parafflin or compound was to pri 
vent moisture from penetrating far into the core i 
case of the rupture of the lead, as both cotton an 

paper absorb moislui 

^■e^y readily. Sue 
cables had the disa( 
vantage of losing the 
insulation very rapii 
ly when exposed I 

steam pipes are lai 
near the conduits. I 
many parts of thesul 
ways in New York tl' 
temperature is ke] 
permanently far abov 
100° F. by the steal 
pipes. In such situi 
lionu -dry core" c, 
bles, that is, cabh 
without the filling i 
On account i 







paraHln or compound, 
the absence of the lllling these cables 
much lower capacity than the treated cables, i 
the insulation consisted merely of dry cotton < 
pai>er and air. They depended for their Insulatiu 
entirely on the continuity of the lead pipfl, as an 
break or puncture would quickly cause every wu 
to become grounded, through the absorption ( 
moisture. It was found that accidents very rarcl 
happened to the lead pipe, and "dry core" cabti 
have been ado|)ted altogether on account of the grei 
saving in capacity. With the object of still tutUv 
reducing the caiiacity, Uw iwxvAvXvaf, co-jft^&S- 
Hpplied (o Ihe wire in" variovia msLe't^w'^* -«wi*-^ 
to allow ot 113 much air space «.%V"^**''^'' nv^om^ 
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conductors, while still effectively insulating them 
from each other. A size smaller conductor is used, 
and a further slight gain is thus effected. The 
standard cable of to-day contains conductors of No. 
19 B. & S. (35.9 mils), having a resistance of about 
45 ohms per mile. The average electrostatic ca- 
pacity allowed is .085 microfared per mile, as com- 
pared with .18 microfared per mile for the old type, 
or less than half. Competition among manufacturers 
has resulted in the production of cables having a 
capacity of less than .07 microfared per mile, a gain 
of 60 per cent, over the old type. This is of con- 
siderable importance in long distance telephony, 
where the capacity very quickly mounts up when 
considerable lengths of cable have to be included in 
the circuit. The increase in the resistance of the 
underground conductors from 34 to 45 ohms per mile 
does not have any appreciable effect on the quality of 
transmission. The insulation resistance of the con- 
ductors of underground telephone cables is required 
to be not less than 500 megohms per mile after the 
cable is laid and connected up to the cable heads. 
Practically the results obtained are always much in 
excess of this figure, frequently several thousand 
megohms per mile. . 

152. The cables are drawn into the conduits in the 
ordinary way, joints being made in manholes placed 
200 to 300 feet apart. Various kinds of ducts are 
used in different cities, 3-inch iron pipes laid in 
cement probably being in the majority. At each 
terminal point the cables are connected by a wiped 
joint to long boxes, made either of iron or hard 
rubber (Fig. 91). The wires ate fanned out inside the 
cable head and connected in proper order to double 
binding posts passing through the sides of the cable 
head. From the outer ends of these binding posts 
connections are made to the subscribers' instruments 
and exchange apparatus. Lightning arresters and 
fuses are generally inserted in the circuit at the 
cable head to prevent injury to the cable conductors 
by strong currents. 

153. At telephone exchanges the cables are led 
into a special department called the underground 

terminal room, whom the cable heads axe ?LTT?Liv^^,d 
o/j iron frameworks conveniently lor exl^iivOivxv^ X\v^ 
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connections to the switchboard cables. The outer ter- 
minals of the cables are placed in situations from where 
a group of subscribers can be reached by short exteD- 
gions of aerial cables or overhead lines. Sometimes 
the outer terminal is in the basement of a large office 
building containing a numlrer of subscribers, and 
sometimes on a pole for connecting to the longdis- 
tance wires. The cable heads are alwavs protected 
by weatherproof twxcs which are kept padlocked 

154. In an exchange where a large number o( 
cables enter, a cross connecting 
or distributing board is gener T 
ally placed in the terminal 
room to facilitate the work that | 
is constantly going (n of male 
ing and changing the connec 
tiona of the sul^cribers lines \ 
to the switchboard cables 1 he 
distributing board (Fig 92) ib 
a long, narrow framework of 
iron piping baling numerous 
longitudinal and cross supports 
to carry the wires Vt each 
side are attached rows of term 
inals consisting of little double 
metal ears mounted on insulat 
ing strips. On one side of the 
board wires leading from (he 
switchboard are soldered to the 
metal ears in regular order 
and on the other are connected 
wires from the undergrjund 
cables, also in regular order 
All that is necessarj to connect anj pair of cable 
conductors to an\ gn en switchboard number is to 
run a pair o( wir s through the framework and 
solder the ends to the proper terminals at each 
side. The cross connecting wires can be unsold- 
ered at any time when a disconnection or changi- 
is reiiMired. Proper routes or runs are maintained 
for iMSSiug the cross connecting wires tlvc<va?^'CM. 
framework so that any pa\r ca-n \tft iii*-«'». wav ;* 
needed. This arrangemenl bi^WX'^ '■VnA'^^^'*'*, Ji^, 
work of coiiiiecting Ihe lines \.o V\^«; *"*'"'''^'*Y™v^w- * 
avoids un immeiist: amounl ot coftUw'^"^ ^^ ^ 
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ohangeB. The cross-connecting wires are twisted 
in pairs, one wire being the ordinary color and the 
other colored red so that the distinction between 
"line" and '.'tesf'can readily be nuide. 

155. Underground cables are made in sines from 35 
to 100 pairs; 50 pairs is the standard size generally used. 
To allow for the chance o( breaking a wire during 
the cabling, manufacturers generally lay up 51 or 101 
pairs. For short underground wires for telephone 
circuits there are various t\pe8 of cable available, 
insulated either with treated paper or with rubber 
compounds. They should be run in an iron pipe 
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or wooden casing to prevent' me cliHnical injury; or if 
the wire is laid directly in the ground it should be 
armored with a lead or iron sheathing. An unarm- 
I ored insulated wire laid directly in the ground will 
i: seldom survive long. The best plan is to use rubber- 
covered wires taped or braided and tarred, drawn 
either into an iron pipe or a creosoled wood conduit. 
If anything goes wrong with the wires they can be 
drawn out and repaired, and new wires can also be 
added with ease when necessary. For short circuits 
the relatively hi/ih capacity of rubber insulation is 
fot prohibitive. Wherv ti n\imberol wires ate ^Vacei 
ia the same pipe they should be Iwisted \o pana ot 
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laid up in fours (the two wires diametrically opposite 
beings used for a circuit), otherwise there will be in- 
duction between the various circuits. 

156. Aerial cables for telephone work are gener- 
ally made of No. 18 B. & S. wire, insulated with rub- 
ber compound to 3-32 of an inch. The wires are 
twisted in pairs and laid up into a cable containing 
the required number of pairs. The separate layers 
are taped, and the cable is wrapped with two strong 
tapes impregnated in preservative compound and 
laid on in reverse layers. 

157. Submarine cables for telephone work are 
generally made with stranded conductors, which give 
greater strength and pliability than a solid wire. 
The conductor is a strand of 7-22 (B. & S.) insulated 
to 8-32 of an inch with rubber compound. The cores 
are laid up in fours, and the groups of four cabled 
together with a long lay, or else are simply twisted in 
I)airs and laid up in the same manner as an aerial or 
underground cable. The cable is served with hemp 
and armored with galvanized iron wire. The armor- 
ing should be protected by two layers of hemp 
soaked in a compound of pitch and silica. 

158. In American telephone practice the two wires 
of a metallic circuit are alwavs referred to as '*line'* 
and *'test." The "line" is considered the original 
line wire, and the **test" the return. This naming 
of the wires runs through cables and connecting 
wires and the switchboard cables, with which it 
originates. In metallic circuit switchboards the 
cables running through the board are twisted in 
pairs throughout; the battery that enables the opera- 
tors to test whether a line is busy is always applied 
to the same wire, which has come to be called the 
"test" wire. In underground cables the two wires 
of a twisted pair are often called No. so-and-so 
and "mate." 



CHAPTER XXX. 

LIGHTNING ARRESTERS. 



1.59. Ordinary telei)hon^, ^eV^'^^\^ ^ort^sv^xX^ ^"^'^" 
vided with a so-called \\«c\\\xv\yvv^ ^tt^^V^^ o^ '^'^^^I^^- 
shown in Fig. 93. TY\i* \\c;\v\v\\w?; ^^^^"^^^^^^^^ '^^^■^ 
j)osod to jump across i\\v> sx>vi^e^^ \i^vv<^'i^ . 
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teeth or screw points and pass to earth along the 
ground wire connected to the central plate. It 
rarely does so, however, and these arresters do not 
always prot^^ct the instruments. 

160. With the multiplicity of wires that exists 
to-day telephone lines need protection from other 
danger-s besides atmospheric electricity. A cross 
may introduce into a telephone line two distinct 
foreign currents, both dangerous. One, a heavy 
current from a lighting or power circuit that would 
immediately burn out anything it was led into, the 
other, what is known by telephone men as a "sneak 
current" — that is, a relatively feeble current that 
would not do immediate harm, but, circulating in a 

bell or annunciator coil, 
would store up sufficient 
heat within a compara- 
tively short time to burn 
it out. With metallic 
circuits there is yet an- 
other danger. As there 
is no connection with 
the ground a cross with a 
high voltage wire would 
produce no flow of cur- 
rent, but would charge 
the circuit to the voltage 
of the foreign wire and a 
contact with any part of the telephone circuit might 
produce dangerous results, even to the person. This 
is a comparatively remote risk, but still one that 
requires to be guarded against in crowded localities. 

161. The simplest form of protector is a fine fusi- 
ble wire which is inserted in the circuit between the 
end of the line and the instruments, in any secure 
position. Fig. 93 A. This is not a very good form 
used alone, as the fusible wire when blown out is apt 
to be replaced by a piece of copper wire, giving the 

^ appearance of protection without the reality, which is 
ft. worse than no protector at all. A very simple form 
t of fusible protector for strong and sneak currents is 
f that known as the Hibbard, Pig. 94. It consists of a 
" strip of fusible foil rolled up with an asbestos tape, 

making a little cjiinder which is sUppeOi >o^Vwfecvx 
(iwo upright springs that make cohVacX V\V\v \iWi 




FIG. 93. OBSOLETE SAW- 
TOOTH LIGHTNING 
ARRESTER. 



LIGHTNING ARRESTEES. 



101 




underground cable is 
calculated to blow out 
with a current of eight 
amperes. More delicate 
fuses were at first used, 
but it was found that 



7v«c 



inner and outer end of the fusible strip. These 
"corn-plaster" fuses, as linemen and inspectors call 
them, are made to blow out at either half an ampere 
or one ampere. They 
are generally placed at 
the cable terminals and 
at the subscribers' in- 
struments. 

162. The fuse for the 
outer terminal of an 

FIG. 93 A. SNEAK CURRENT 
PROTECTOR. OPERATES BY 
HEATING OP SMALL COIL, 
WHICH CAUSES FUSIBLE 
WIRE TO MELT. 

interruption of service was 
often caused by delay in replacing burnt out fuses 

owing to the difficulty of gel- 
ting at some of the cable termi- 
nals. Any foreign current with- 
in the carrying capacity of the 
cable itself is taken care of by 
rMm VjB the protectors at the central 

™ . II ^ lilM_ office or subscribers* instru- 
ments, Fig. 95. 

1()3. There is a class of pro- 
tectors sometimes used for tele- 
phone work which employ a 
spring arm normally held in 
FIG. 94. HIBBARD Position by the armature of a 
LIGHTNING ARRES- Small electromagnet. Both arm 
TER. ftnd magnet coil are included 

in the telei)hone line circuit. 
The ordinary telei)hone and ringing currents do not 
operate the electro- • 

magnet, but a foreign ^ J p 

current of any but 
very feeble strength 
will do so, causing the 
release of the arm, 
which breaks the line ,,. ^^^ ^^^^^^ 

and cuts off the in- c^^^.^^v.^^^^k^. 

st rum en ts beyond the vocxvs^ 

protector, Fi>. 96. Some oK VWx?. ^V>'\^ ,^^'^ ^T^^^oVx^^* 
hIso have a fusible wive evvV-ov\V. ^V\\v^ 




^Mna 





ruse wire. 



\iV-^V V^'^' 



oWvi« 
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does not countenance the use of protectors emploj'- 
ing electromagnets connected in the telephone cir- 
cuit, owing to the retarding 
effect of the magnet coils on 
the telephonic current and 
consequent loss in transmis- 
sion. (See Chap. 35). 

164. The style of protector 

now generally used between 

the lines and the central office 

apparatus and also at the 

FIG. 96. PLUSH PRO- subscribers' instruments is 

TECTOR, CLOSED AND shown in Figs. 97 and 98. It 

OPEN (OPERATED BY comprises an air space cut- 

HEAVY CURRENT, MAG- out, which bloWS OUt WheU 

NET RELEASES ARM, the pressurc on the circuit 
BREAKING CIRCUIT), reaches 300 volts, and a sneak 
current arrester, which grounds the line within 30 
seconds under the in- 
fluence of a steady 
current of three-tenths 
of an ampere. The 
air space cut-out con- 
sists of two carbon 
blocks separated by a 
thin sheet of mica 
with a perforation in 
the center; the upper 
carbon block has a 
drop of fusible metal 
let into its lower face 
to complete the short 
circuit when the cur- 
rent sparks across the space. The lower block rests 

on a metal strip con- 
nected to ground and 
the upper one is held 
in position by a spring 
connected to the line. 
The sneak current ar- 
rester is a tiny spool 
of fine German silver 
wire mea.awT\us 28 
riQ. 98. PLAN OF COMBINATION ohms Te8\a\.a.x\ce. \tv 
PROTECTOH. the cexxler ot VHe ^\>oo\ 




FIG. 97. COMBINATION PRO- 
TECTOR. A LINE POST, E IN- 
STRUMENT POST, B GERMAN 
SILVER SPRING, CC CARBON 
BLOCKS, M MICA SHEET, 8 C 
SNEAK COIL, P RELEASING 
PIN, G GROUNDING STRIP, D 
GROUND WIRE. 
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is fitted a metal pin which normally is prevented 
from passing clear through by a drop of fusible alloy. 
The line spring presses against the lower end of the 
pin; the pin is released when the alloy is melted by 
the heating of the coil by a foreign current, allowing 
the line spring to fly up and make contact with a 
grounding strip. The line is then grounded and 
the apparatus beyond the protector cut out. These 
protectors are generally placed on the inner cable 
terminals and on the subscribers* instruments. The • 
cable conductors are protected by eight-ampere 
fuses connected in the line at the outer terminals 
(Fig. 95). 

CHAPTER XXXI. 

INSIDE WIRING. 

165. The inside wiring of a telephone installation 
should be carefully and substantially executed, as 
many annoying and unnecessary defects are liable to 
arise from careless work and the use of inferior 
materials. The leading in wire should be soldered 
to the line or jointed by means of the Mclntyre sleeve 
(see Chap. 27). In passing the wire through a win- 
dow or door frame a hard rubber tube should be used 
to protect the wires, the tube having a downward 
slope toward the outer end, or having the outer end 
bent down, so as to prevent the entrance of water 
through the tube. In running inside wires they 
should be in protected positions, under the floorin g 
or ceilings where possible, and should be cleated 1o 
woodwork, not on plaster or brick. For brick work 
porcelain insulators should be used. If staples or 
double-pointed tacks are used they should be of the 
insulating variety having saddles of insulating 
material under the staple. Some care is required in 
driving staples hard enough to grip the wire ftrmly 
without cutting into the insulation. 

166. A good quality of rubber insulated wire^ 
should be used for all inside wiring. No. 18 B. & S. 
insulated to 3-32 is a safe wire to use for house or 

1 Where rubber insulated wire la i^teTt^\.^N\.Ns^ \xxv<^«v^\s>^«^ 
that any of the standard ma\Leftot YA%Yi ^'^'^^ '^^^"S?-!:^^ '^sS^ 
meHDt. Experience and pxic^ goN^xu Wi^ ^^T^»^R^^^»• 
used. 
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office work. Stouter wire, say No. IC, with 5-32 
should be used in buildings where the wiring is much 
exposed. For metallic circuit lines the inside wiring 
should be a twisted pair throughout. In offices and 
houses a neat effect is produced by using a braided 
cord, colored to match the wood-work, for running 
down to the instrument. 

167. Some of the large modern office buildings are 
wired throughout for various electric services before 
the final work on the building is done. Wires are 
led to each room for electric lighting, district mes- 
senger and telephone service. The telephone wires 
are generally concentrated at a cross - connecting 
board placed in the basement. A short cable is taken 
from the underground terminal to the cross-connect- 
ing board and connections are made there with the 
several circuits as required. In the subscriber's 
office all that is necessary is to run a pair of wires 
from the ends of the building circuit to the place 
selected for the telephone. These wholesale wiring 
installations are often not well done ; the work is let 
out by contract and the lowest bid is generally taken 
indiscriminately. Consequently the peculiar require- 
ments of telephone work are seldom consulted and 
trouble not infrequently arises. 



CHAPTER XXXII 

INSTALLATION OF TELEPHONES. 

168. The chief points to be observed in putting up 
a wall telephone set are to place it against a solid wall, 
so that no ordinary vibration of tlie building shall 
affect it, and in such a position as regards neighboring 
objects that the receiver and bell crank can be got at 
easily, and as regards height from fioor so that those 
who will require to use it most can speak to the trans- 
mitter without undue stretching or stooping. A brick 
and plaster wall should be plugged with four taper 
wooden plugs, about 3 inches long and 1 inch in dia- 
meter at the thick end, hammered flush with the 
wall, to receive the screws that go thrcmgh the four 
corners of the back-board. The user of the telephone 
will generally indicate the most convenient place for 
//, and his wishes should of course be Teapfec\.^Ci, \iTo- 
vided that the instrumvni will have a ia\T c\vawc^ \w 
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the position selected. If it is obviously unsuitable, 
this should be pointed out and explained, in the inte- 
rest of the customer himself. Any situation that 
will cause the telephpne to be in the way of office 
traffic should be avoided, both because of the risk of 
the instrument getting damaged by accidental colli- 
sion and because of annoyance to anyone talking of 
having people pass close by frequently. The best 
place for an office telephone is in a small closet or 
space partitioned off on purpose, but manj^ people do 
not care either to go to the expense or to give up the 
necessary space. 

169. Long distance cabinet sets, on account of 
their ornamental appearance, are generally given a 
good position without any difficulty, and little trouble 
is ever experienced in placing them conveniently for 
all concerned. Where the telephone is much used 
for important conversations the sound-proof silence 
booths used in pay stations add much to the general 
comfort and ease of communication. These are also 
made of very compact dimensions for the upright 
or wall long distance set. In placing desk sets (see Fig. 
40) a safe place must be found for the battery as near 
as possible to the transmitter to save resistance in the 
leads from battery to transmitter (see Chaps. 15 and 
16). The battery is generally placed in a covered box 
in the well of the desk or in one of the cupboards. A 
magneto generator and an extension bell have to be at- 
tached to the desk in places convenient to the user, as 
the nickel-plated standard carries only the transmitter 
and receiver; the induction coil is sometimes i)laced 
in the base of the standard and is sometimes separate. 
Desk sets are chiefly used in the offices of telephone 
buildings where the current from the exchange gene- 
rators can be used for calling, hand generators not 
being required. They are an extremely handy form 
of instrument, however, and are much appreciated by 
telephone users. 

170. Batteries should always be carefully covered 
up and placed where the solution will not evaporate 
quickly; at the same time they should be accessible 
for inspection and recharging. Where ^^wvcA^Cs^ ^>:t- 
cuits are used, and they are ftUW \w V\v^ ^^<i^\» y^*^^- 
Hy, the ground connectioiv mw^X. \>o txv^<^^ ^v^ ^^^ 
treme care. A great deal ol Ol\^V\3l\:\>^^^^ ^^ ^^^ 
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may arise from a faulty ground connection. The 
ground wire should be soldered to a water pipe, not 
to a gas pipe, as gas pipe joints often have high elec»- 
trical resistance. Several inches of the pipe should 
be scraped and filed clean and bright and about 6 or 8 
feet of the ground wire bared and thoroughly scoured 
with emery paper. The copper wire is then wrapped 
firmly around the pipe and securely soldered. In the 
country, where a good water pipe is not available, the 
ground connection may be made to a pump. If 
ground plates are used they should be two or three 
feet square (preferably of copper, though iron maybe 
used), buried in damp earth. A laj^er of coke above 
and below the plate will improve the ground, and if 
the earth is dry plenty of water should be poured 
over the plate and coke. On a short line with two 
ground plates use the same metal for both plates. 
Two different metals will form a galvanic couple, set- 
ting up currents in the line and causing disturbance. 
171. It is a good plan to use every opportunity tc* 
teach customers how to use the telephone properly. 
Very few people know, even to-day, when there arc 
half a million telephones at work in the United 
States, and many complaints arise solely from the in- 
experience or ineptitude of the customer. The re- 
ceiver should be held tightly against the ear; a very 
appreciable difference will be noticed if the ear piece 
is placed loosely against the ear and if it is held firm- 
ly up to it. Plight telephone users out of ten do not 
hold the receiver properl3\ With a Blake transmitter 
the lips should be about an inch or two from the 
mouthpiece and squarely in front of it, so as to direct 
the voice straight at the diaphragm. With along dis- 
tance or solid back transmitter the lips should be 
close up to the mouthpiece, almost touching it, just 
as in whispering into a person's ear. The speaking 
should be done in an even, moderate tone; shouting 
should be avoided, as it does no good and only irri 
tates the man at the other end. 



CHAPTER XXXIII. 

INSPECTION AND MAINTENANCE. 

172. In ctrder to keep a telephoixe mstsAXa-Woxv wv \.ci 
f^G proper pitch of working cfaciency p^t\o^\<i^^ ^^- 
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spections by a skilled hand arc necessary. Careful 
inspection and overhauling of instruments will often 
enable incipient defects to be remedied in time 
to prevent complete interruption. All parts of a 
telephone set should be kept clean and bright. A 
dirty instrument, with dull and corroded metal work, 
is a thing that nobody takes any pride in, and bad 
order without will often mean the same state within. 
In a preliminary inspection run over all connections 
and look out for loose binding i)osts and screws, 
nicked or broken wires, dirty contact surfaces at 
hinges or springs, and frayed cords. Any defect of 
this sort should be attended to at once. Examine the 
receiver by unscrewing the ear-piece and see that the 
diaphragm is not bent or dented, nor in a rusty state; 
clean off any dust or other foreign matter from pole 
piece or edges of case. The top of the pole piece 
should be 1-32 of an inch below the diaphragm, not 
lower, or the field will be too weak, and not higher, or 
it will be too strong and there will be a risk of the 
diaphragm sticking to the pole piece. A good test for 
the strength of the magnet is that it should hold up 
the diaphragm edgewa3*s. The clamping surface of 
the case on which the diaphragm rests should be 
smooth and even. 

173. The magneto generator and bell should be 
looked over for loose bearings, bad contacts in switch 
and automatic shunt, and sti ff running of driving gear, 
which requires occasional oiling. The bell should 
ring clearly; a dull ringing can often be remedied by 
turning the gongs round a little. The generator 
should ring its own bell when a piece of metal is 
placed across the binding posts. To test the strength 
of the generator a resistance must be placed in cir- 
cuit between it and the bell; some of the telephone 
companies use carbon resistances measuring several 
thousand ohms for making this test, which shows 
something more than a trial on short circuit, as a 
generator may be strong enough to ring its own bell 
on short circuit, but not through a resistance. The 
really important point about the generator, however, 
is that it should ring the bell of the distant station 
or throw the drop at the exc\va.ii^^ \>\o^fexVj , ^^x^^ 'C^x^ 
trial should always be made. \\. tcvm ^^*^^ ^^^^^ 
happen that a generator w\\\ XYvto^n Wv^ ekxo.x)^^'^ ^^ 
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not ring its own bell. For instance, the ringer magnet 
of the bridging bell has a resistance of 1.000 ohms and 
the usual form of line drop has a resistance of only 
80 ohms; consequently the drop will take almost all 
the current furnished by the generator and very little 
will pass through the coils of the ringer magnet. If 
the bell does not ring at all, even on short circuit, and 
the bell is known to be all right, the armature is dam- 
aged. It may be either short-circuited or open, pro- 
bably the latter, through a fused or broken wire, and 
it must be dismounted for repairs. The spring con- 
tacts of the automatic switch can be cleaned with 
fine emery paper if the}^ are not platinized. Platinum 
contacts should always be cleaned with ordinary un- 
glazed writing paper. 

174. The transmitter should always be tried by 
listening at the receiver and tapping on the mouth- 
piece or diaphragm of the transmitter, or speaking 
to it, having first short-circuited the binding posts. 
The quality of the *' side tone" heard will indicate 
whether the transmitter and battery are in good con- 
dition or not. Very little practice is required to 
judge the general condition of the instrument cor- 
rectly by side tone. In the Blake transmitter it is im- 
portant that all the parts should be in good condition. 
The rubber band on which the diaphragm is clamped 
and the pad and sleeve should be soft and elastic, 
not hard or stiff. It is of prime importance, too, that 
the rubber ring that encircles the diaphragm should 
not stick to the iron casting. The diaphragm is held 
by the clip and damper; if pressed inward at a point 
above the bearing of the damper it should open like a 
loor, the. clip acting as the hinge. The platinum 
»ring should not touch the diaphragm except with 
tts point. Both the platinum spring and that which 
tarries the carbon button should be tightly clamped 
the support. The contact between the platinum 
>int and carbon button must be absolutely clean, 
'his is the vital part of the Blake transmitter and 
[^.must be very carefully attended to. In the action of 
the transmitter the platinum point tends to dig into 
the carbon button and to become roughened itself. 
The platinum point may be smoothed and re-burn- 
JsAed by rubbing with a hard steel j^uxiac^, s\xc\v \v& 
•. weJj polished screw-driver. If the C'dT\)ou \>uVVou x^ 
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rough, pitted or dirty it should be cleaned and given 
a high polish by rubbing on a smooth piece of fine 
emery paper. Ground glass is also a good material 
for polishing the carbon button with. The final polish 
should be given with absolutely clean material. 
Buttons may be ** infected" by rubbing on emery or 
glass that other dirty buttons have been smooth- 
ed down on. If the platinum point is not rough at 
all but merely- wants cleaning this should be done 
with clean unglazed paper, not with emery. 

175. The final adjustment of the Blake transmit- 
ter, after the removal of any defects, is made by the 
screw that presses on the iron support of the elec- 
trodes. In moving the screw check the results by 
side tone until clear talking is obtained. If the 
transmission has a hollow sound weaken the damper 
and clip; if the volume is poor, loosen the adjusting 
screw, stiffen the damper and see that the platinum 
point rests well against the diaphragm; if the sound 
is confused and broken, give the platinum spring 
more ** follow" to the carbon button and see that the 
diaphragm is firmly clamped on the rubber ring and 
that there are no inequalities in the ring; if the sound 
is thin and scratchy, clean the platinum and carbon 
button and see that the platinum spring is not twist- 
ed at all. The battery should be kept up to the proper 
strength; a dull or weak transmission maj^ be due to a 
run down battery or to high resistance in the primary 
circuit; frying and buzzing noises are caused by loose 
battery connections or by dirt on the carbon button. 
A bent diaphragm will give a metallic sound to the 
transmission. 

176. The Warner battery gauge. Fig. 99, is a use- 
ful little instrument for checking the condition of 
batteries. It gives a certain deflection when the bat- 
tery is at its normal strength. 

177. In the long distance transmitter any defects 
will be due either to the packing of the carbon, or 
to a damaged platinum diaphragm, which may be 
bent or perforated. For inspection the transmitter 
cord is disconnected, the top of the case removed and 
the insulated chamber taken out by pushing upward 
on the binding post. The grauul^^tvivi <i,'&.\\>«w '^^>3i\^ 
be poured on a piece ot c\eai\ yA.\>^\. ^\v»^ ^j^.*^- 
^rode should be cleaned 111101 vo\\^\vvivi. W ^^^'^ '^^'^' 



110 TELEFBONE HAND-BOOK. 

phragm is bent it slioulil be smoolhed by rubbing 
gently between paper on a. flat surface. In replacing 
the diaphragm Bee that no carbon gets between it and 
the clamping ring. No dust should be in the granu- 
lated carbon. In re-assembling the transmitter place 
the electrode in position and pour the carbon slowly 
into the central hole of the electrode, moving the 
chamber a little to and fro to settle the carbon down; 
never move the electrode afler it has been put In place 
and any carbon poured in. No adjustment is required 
in the long distance trnnsmjtier; after setting up it 
must be talked to and tapped gently 
at the side for a little while to get 
the carbon prop<frly distributed. 
•"8, The good working of this 
ismitter, and of the solid back 
. also, depends mainly on the battery. 
V If the battery power is either too 
I high or too low the efficiency of the 
F transmitter is reduced, owing to 
changes in the resistance of the 
_^__ transmitter itself. If the transmitter 

PIG. 09. BATTBRi '8 overheated by the use ot too much 
a/ivoK (SCALE battery it will not talk well after- 
\8 HAVK wards. Three cells of Fuller battery 
I N t TB are generally used with either trans 
COM- mitter, giving about C.3 volts at the 
MUST ^al- The resistanee of the primary 
: WITH circuit is very low when the traua- 
Iruiiain mitter is at rest, the actual resis- 
:e of the transmitter itself being 
a little over 1 ohm. The current 
l>nssing when the transmitter is not being spoken 
into may be us much as 2i or even 3 amiHTes, and 
the consequent heating is productive of the pack- 
ing effect. When the transmitter is siraken Into the 
resistance ot the primary circuit rises to about 10 
ohms and the current consequently falls to .0 ampere 
or less. The healing dilflcully is a serious one with 
these transmitters. When accumulators are used 
two cells take the place of the three Fullers, the ab- 
sence of battery n'sislance ullowingof a lower elect ro- 

17!K T>ifSo]ii] hack Iransmiller has no adiuatiiWe 
j/ar/^. It liua mil bi-i-u in use vety long nuAsu^TUaa 
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revealed no particular defects. Its efficiency depends 
on its being properly set up at first and on the condi- 
tion of the battery and battery circuit. 

180. In connection with the inspection and main- 
tenance of telephone installations the remarks in 
Chapter 24 are especiall.y applicable, as with all carbon 
transmitters the battery- is the key to the situation. 

181. When a telephone will not work the trouble 
may be either in the line, the inside wiring, or in the 
instrument and its connections. If on short-circuit- 
ing the instrument at the top binding posts the bell 
rings and side tone is obtained, the instrument is all 
right. The inside wiring should then be tested by short- 
circuiting the wires, if a metallic circuit, or attach- 
ing a temporary ground, if a grounded circuit, at the 
point where the line enters the building; if the bell 
then rings the trouble is in the line and must be 
found in the ordinary way. If the bell does not ring 
the fault is in the inside wiring and can soon be traced 
out. If no side tone is obtained at the first test the in- 
strument is at fault. Either the receiver or a detector 
galvanometer may be used in locating the defect. 
The receiver is most convenient and it should be test- 
ed first by connecting it directly to the battery; if a 
good click is heard it is all right; if not, there may be 
a broken wire in the receiver or the diaphragm may 
be out of order. If the receiver is good the primary 
circuit should be tested by opening it at one of the 
connections, the automatic switch being up, and try- 
ing for current either with the receiver or by tasting. 
If no current is found the trouble may be a broken 
or disconnected wire, loose binding post, corroded 
connection, battery dry or zinc eaten off; the auto- 
matic switch may have a bad contact through rust 
or dirt, or bent or loose springs, or broken wire; the 
transmitter may have a broken wire or cord, or may 
be open at the variable resistance through bad ad- 
justment or lack of carbon. All the various paths for 
the current in the primary circuit should be traced 
out from one pole of the battery back to the other 
and the trouble will quickly be found. If the prim- 
ary circuit tests O K, the trouble must be in the 
secondary circuit, and this can be tes.t^idb'^^ <lq^^«5l^V 
ing one terminal of Uie \)wUevy \aV> c\\v^-VvwJCvw^ V^'^ '^'^ 
the te/(»i)li()ne and toucWmv^ \,\\vi v.^\\0^ vil ^e^ ^'\^^ \v>»vcw^^ 
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to the other terminal to various points in the second- 
ary circuit, beginning with the second binding post 
of the telephone. When a click is heard in the re- 
ceiver the trouble lies between the point just touched 
with the wire and the second binding post of the in- 
strument. 

182. The inspector's kit should contain the follow- 
ing tools and material : 

Pair cutting pliers, 
" long nose " 
Warner Battery gauge, 
Tack hammer, 
Screw driver, 
Soldering lamp and iron, 
File, 

Dusting brush. 
Coil of insulated wire. 
Rubber tape for covering joints, 
Candle for examining Instruments, 
Solder and soldering fluid, 
Small bottle of oil, 
Trimming knife, 

Box containing screws, staples, washers, nuts, etc. 
Chamois skin, cloth and polishing paste, 
Spare parts of instruments, such as transmitter and receiver 
diaphragms, cords, hinges, bell cranks, gongs, rubber bands, 
dampers, clips and springs, carbon buttons and granulated 
carbon. 

183. The small articles are conveniently carried 
and kept in good order by using small round tin boxes 
to contain them. A separate stout bag should be 
used for battery material and should contain a num- 
ber of spare zincs and carbon plates or porous cups 
complete, a supply of sal-ammoniac, etc., a strong 
knife, a si)onge and a quantity of cotton rags or waste. 



CHAPTER XXXIV. 

THE CONDENSER I ITS USE IN TELEPHONY. 

184. A condenser is an instrument capable of hold- 
ing a charge of electricity. It consists of two metal 
surfaces separated by a layer of insulating material. 
If the poles of the battery are connected to the two 
metal plates an electric charge will accumulate upon 
them; the presence of this charge can be made evi- 
dent by disconnecting the battery and connecting the 
wires of a galvanometer or hand telephone to the two 
plates; a throw of the galvanometer T\eed\eoT e\\cV.\w 
^Ae ieJej>hotw will be jjroduced by l\\e Y^V>i"&<ivi 
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charge. (See Fig. 100). The capacity of a conden- 
ser, that is, the amount of electricity it will hold, de- 
pends on the extent of the surface of the plates and 
the nature of the separating material. The form of 
condenser usually employed consists of a number of 
leaves of metal foil alternating with sheets of pre- 
pared paper or mica. This arrangement is enclosed 

q^ur. in » suitable case, all 

the metal leaves of odd 
numbers and all those 
of even numbers being 
joined together and 
connected to two ter- 
minals placed on the 
case. Fig. 101 shows 
a condenser of the 
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FIG. 100. DiAGHAM ILLU8TRAT- form generally used in 
ING properties OP CON- telegraphy and tele- 
denser. phony. The unit of 

capacity is the farad, which is the capacity of a 
condenser that will hold one coulomb (one coulomb= 
one ampere for one second) if charged at a pressure 
of one volt. This is an enormous capacity and the 
practical unit is the microfarad, or one-millionth of 
a farad. (See Appendix). 

185. Condensers are used in telegraphy and tele- 
phony to a considerable extent. In telephony they are 
interposed in a circuit where it is desired to prevent 
a direct or battery current from passing but to enable 
the talking current to pass. It is quite easy to talk 
through a condenser of two or 
three microfarads capacity, as 
the rapid variations and reversals 
of the telephonic currents act in- 
ductively from plate to plate and 
are faithfully reproduced. (See K 
215). A continuous current of ^^^- ^"^- non ad- 
course cannot pass, as the plates JUstable con- 
are insulated from each other. denser. 

The condenser, on account of this facility with 
which it transmits the telephonic current, while 
forming a break in the circuit as far as a direct cur- 
rent is concerned, is very useful in special arrange- 
ments of telephone circuit, swcYv ^'9» W\^ N^xV>kXs.^ vr?^ 
Circuits used in switch \)o-d.xOi^ \v)X <\aVtT«>:\^x\^% 
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whether a line is busy or not. (See Chapters 36 and 
41). 

186. Every line is practically a condenser, the 
surface of the wire being one plate, the earth the 
other, and the air or covering of the wire the insulat- 
ing layer between the two. Before a current can 
reach its full strength at the distant end of the line 
this condenser must be fully charged; and when re- 
versed currents are used it must be discharged and 
charged again at each reversal. This explains whj' a 
high capacity is so detrimental to telephone working, 
as the rapid changes and reversals of the telephonic 
current are deadened and flattened out if they have 
to charge much capacity before reaching the receiv- 
ing instrument. The capacity of a number 12 copper 
wire strung at a height of 30 feet above the ground 
is about .0148 microfarad per mile. The capacity of 
the conductors of the best stj^le of underground tele- 
phone cable in use to-day is from .07 to .085 micro- 
farad per mile. The capacity of a submarine cable 
conductor is about .33 microfarad per mile. It is 
easy to see why telephoning through long submarino 
cables has not an encouraging outlook. The capacity 
of a wire is called in full its electrostatic or induc- 
tive capacity. (See Appendix). 



CHAPTER XXXV. 

ELECTRO-MAGNETIC RETARDATION. 

187. Electro-magnetic inertia, olectro-magnetio 
retardation and self-induction are practically differ- 
ent terms for the same phenomenon. This i^henome- 
non, briefly described, is an opposition set up in a 
circuit to the sudden making or breaking of a current, 
and is due to a counter-electromotive force induced" 
in the circuit by the prime current itself. It is 
practically impossible, then, in any circuit to either 
make or break a current absolutely instantaneously, 
as the change which takes place in the circuit at 
either operation generates a force that opposes either 
the appearance or disappearance of the current. 
This effect is more apparent in coils than in straight 
wJres, and in coils it is increased by leufttkeulug the 
cojJ and placing within it a soWd item cot^. \u 
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gtraight wires it is greater in iron than in copper, 
which is one reason why copper is superior to irop iD 
speed of transmission. (See Chapter 27). 

188. Self-induction is particularly to be avoided in 
circuits carrying alternating currents, because the 
retarding effect is greatly increased by reason of its 
action both at the beginning and end of a current. 
Alternating currents, being made up of numberless 
small currents, are very much interfered with by the 
self-induction of the circuit. This is why no un- 
necessary magnet coils should be included in a tele- 
phone circuit. (See Chapter 30). The self-induction 
of the coils causes their retarding effect on the tele- 
phone current to be far in extiess of the mere copper 
resistance of the wire on the coils. This retarding 
effect is turned to useful purposes in certain ways, as 
in retardation or choking coils, in the regulating 
socket for incandescent lamps, and in bridging bells 
and annunciator drops connected .across telephone 
circuits. (See Chapters 30 and 41). 



CHAPTER XXXVI. 

EXCHANGE WORKING. 

189. A book of the modest pretensions of the pre- 
sent work cannot attempt to deal fully with the 
complicated and intricate questions of exchange 
working, but a short account of the principles of 
the best systems will not be out of place, and may be 
useful to those wholly unfamiliar with the subject. 

190. The requisites in a telephone switchboard are 
somewhat complicated. The lines entering it must 
be provided with means for attracting the notice of 
the operator, with convenient attachments for making 
connections with the operator's circuit and with other 
lines, and with means for notifying the operator when 
a conversation is finished. The operator must be 
equipped so as to be able not only to make conneo- 
ttons between different lines but also to call subscri- 
bers, and, in multiple boards, to test the lines before 
making a connection in order to ascertain whether 
they are engaged or not. All these operations have 
been provided for In many different systems of 
switchboard apparatus. The prlxvcv^^V ^-^\X5^V^v:i'«c^^i!^ 
in use in tins country ate \iVvvi ^\.^\i^^x^, '<>cv^ '^vsss^^- 
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cord, multiple and non-multiple, and the multiple 
switchboard proper, all of which are manufactured 
by the Western Electric company. In all these 
switchboards the lines are joined to spring-jacks, little 
switches containing spring contacts, and the connec- 
tions are made by forcing metal plugs into these 
spring-jacks, as shown in Figs. 102 and 103. 
191. In the standard board, which is used for small 




PIG. 102. SPRING JACK. 

exchanges of from 50 to 500 subscribers, the line enters 
the spring-jack by the line spring and passes out by 
the contact stud on which the spring normally 
rests; this contact stud is insulated from the rest of 
the spring-jack and is connected to the annunciator 
drop, as shown in Fig. 104. The operator is provided 
with a number of pairs of plugs and cords for mak- 
ing connections with the spring- jacks. The operator's 
circuit is shown in Fig. 105. Each cord of the pair 
is connected to a key having two contacts; the normal 
position of the key connects the cord to the clearing' 




PIG. 103. METALLIC CIRCUIT MULTIPLE JACK WITH 

PLUG INSERTED. 

out drop, which is thus placed directly in circuit 
between the two subscribers. B3' pressing down the 
keys the ringing current can be thrown on either line 
Prom the upper contact of one of the ringing keys a 
connection is made to a cam-lever switch by which 
the operator can throw in her own telephone. When 
« subscriber calls, the operator puis one ot lYv^ v\m^^ 
Joto the proper spring- jack and ptesaea do^ii \i^i 
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listening key. Having got the number wanted she 
puts the otiier plug in the corresponding spring-jack 
and rings up the subscriber called for. When he 
answers she releases her cam and the two subscribers 
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PIG. 104. CIRCUIT THROUGH JACK AND DROP. STAN- 
DARD SWITCHBOARD. 

are left connected through the clearing-out drop, 
which falls when they ring off. The operator then 
takes down the plugs. This is a very simple and 
convenient switchboard for small exchanges. In 
large exchanges where this system is used intermedi- 
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FIG. 105. operator's circuit, standard switch- 

JJOARD. 

ate boards are req\iired to transfer connections from 
one switchboard to another, and this greatly increases 
the complication of circuits and the time spent in 
making connections. 

192. In the single-cord boa^Td e;^<iVv\vcife, ^Wfe-^^'^sj^- 
ing through the sprlnp;-)a.c\v ^w^ ^xx\i\xTx^\^Vs^ ^x^-^n 
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terminates in a cord and plug; the plug is held up- 
right in a metal socket connected to earth. This 
system is quicker than the standard, as in putting up 
connections the plug of either subscriber's line can 
be connected to the spring-jack of the other, only 
one plug and cord having to be handled. On the 
other hand, the complication of connections and 
apparatus is increased. Fig. 106 shows the metallic 
cir 'uit plug. 

193. In almost all large exchanges the Western 
Electric multiple switchboard has supplanted other 
systems. In the multiple board each line passes 
through a number of spring-jacks instead of only 
one, so that it is available at a number of different 
points for making connections. By this arrangement 
no intermediate switching apparatus is required for 
transferring connections from one board to another, 



as every operator can _,,„„jMHis«sM!KS 
reach every subscriber """""""""^ ' 




connected to the board. ^' ' ■ ^^'^^'^'^^'^' ^Wku^^^^^mmm ^^j^ 

194. The multiple ^ 
switchboard consists of fig. 106. section of mbtal- 
a number of sections ^ic circuit plug. 
joined together so as to form one continuous board. 
Each section contains as many spring-jacks as are 
equal to the total capacity of the board in subscri- 
ber's linos. These are called multiple jacks (Fig. 
103). They are all numbered consecutively from 
zero up in each section and each line is connected 
to the jack of the same number in each section. 
Besides the multiple jacks there are in each section 
a certain number of answering jacks (Fig. 107) and 
annunciator drops, to which the lines are connected 
after passing through the multiple jacks. The 
number of sections is dependent on the total capacity 
of the board and on the average volume of the ser- 
vice, as in very busy towns an operator cannot take 
rare of so many subscribers as in quieter places. 
In the 6,000 wire board in New York there are 44 
sections, each containing 6,000 multiple jacks. 

195. Each operator has under her charge a certain 
number of answering jacks with their corresponding 
drops. She attends to the calls of these subscribers 
and connects them to any others in the board by 

jnonrjs of corda and ])lugs iind Iho mv\\V\vV^ V'^^^^'^- 
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From 10 to 15 double cords and plugs are provided to 
each operator for making connections. The cords 
are connected with ringing and listening keys by 
which the operator can call in both directions and 
can cut in her own telephone circuit. It will be 
noticed in the diagram shown in Fig. 107 that three 
wires are connected to every spring-jack; one of these, 
the line, is cut off bej'ond the jack by the raising of 
the line spring when the plug is inserted, but the 
other, called the test, is tapped on the socket of every 
jack and permanently connects all the spring-jack 
sockets together. When a connection is put up, the 
shank of the plug, which is insulated from the tip, 
makes contact with the socket of the spring-jack. The 
"test" wire of the cord, connected with the shank 




FIG. 107 DIAGRAM OP METALLIC CIRCUIT MULTIPLE 

SWITCHBOARD, SHOWING SEVERAL LINE JACKS, 

DROP AND ANSWERING JACK. 

of the plug, is also connected with a battery in the 
operator's circuit, so that when a connection is up the 
test wire (of each line), running completely through 
the board, is charged by the battery; if an operator 
at any of the other sections touches with her plug 
the socket of the spring-jack belonging to either of 
the lines connected she will get a click in her head 
telephone, warning her that the line is "busy." This 
busy test is a ver^' necessary feature of the multiple 
board, as each line may be joined to from ten to 
thirty or more jacks, and if they did not easily indi- 
cate the condition of the line the system would be 
unworkable. In all multiple switchboards, even on 
the metallic circuit system, there are a.t v^e«.ev.<» <lcsv^- 
nectod a number of grouwdeOi Wxv^v, W^ ^' V'sJC^ -^\^v>^ 
oi thfise linos are si'ouuded \tv V\\^. v^y.Ocv^^\%v^, n^nxv^vo^ 
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a resistance coil of about 500 ohms. Tliis is done to 
prevent the test battery, one terminal of which is 
normally grounded, from being short-circuited, as 
would be the case if the ** test" wire of the switch- 
board circuit of a grounded subscriber's line were 
grounded .direct at the exchange; in that case no busy 
test would be got by an operator at another section of 
the board on testing either of the lines connected. 
This is a point that is not clear to many telephone 
employees, but reference to the diagram, Fig. 109, 
should make it quite plain. In the diagram -4 is a 
grounded line and 5 is a metallic circuit. The end 
of the test wire of ^I's switchboard circuit is groundt^d 
through the 500 ohm coil, the other end of the test 
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PIG. 109. DIAGRAM OP TEST BATTERY CIRCUIT 
MULTIPLE SWITCHBOARD. 

being open at the answering jack. The current 
from the test battery has two paths to earth, one 
through the test wire of the grounded circuit and the 
coil, the other through the test wire of the metallic 
circuit through the telephone, back along the line 
and to earth beyond the grounded subscriber's 
instrument. As the test wire of each circuit is con- 
nected to a multiple jack in each section the cur- 
rent can be tested for any of those jacks, 
and if the socket of any of them be touched with an 
operator's plug the condenser in the operator's circuit 
will be charged, producing a sharp sound in the head 
telephone. 

196. When two metallic circuits are joined the 
plugs and cords connect line to line and test to test; 
no resistance coil is needed, ws \\\v^t<^ \'?»wv>vj'$,c,^^v^A«>\N>ixv. 
test bdtti^ry currein \v\uc\\ s\\w\A>' v!\v«l\^^'^ vX^^ ^'^^' 
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cuit and the brnnches of the test wire extending 
through the board. The resistance coils are generallj- 
placed on the cable heads or at the end of the cross- 
connecting board, all the circuits being nietallic right 
to the cable terminals, or rather, speaking inward, 
from the cable side ot the cross-connecting board 
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through to the the switchboard. With this arrange- 
ment if it grounded subscriber takes a metallic circuit 
it is easy to make the change at the cable head with- 
out any unnecessary running of wires or overhauling 
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natural to such an intricate system of wiring and 
apparatus, but it is the best thing that has yet been 
devised to fulfill the conditions met with in a busy 
exchange. One of the chief difficulties, which so 
far has been found unavoidable, can easily be under- 
stood from the foregoing description of the busy test 
and from the diagram. When a local connection is 
put up (let us say between two metallic circuits) one 
plug is generally in the answering jack and the other 
in a multiple jack. The line plugged at the answer- 
ing jack is evenly balanced, as the answering jack is 
the end of the switchboard circuit, but the line 
plugged at the multiple jack has an "open leg" on it, 
extending by the test wire to all the jacks beyond, 
through the drop, and back by the line to the stud of 
the jack where the connection is made. This open 
leg, of course, varies in length according to the posi- 
tion of the multiple jack in the 
board. Its tendency, owing 
to the electrostatic capacity 
of the switchboard wires and 
jacks, is to disturb the balance 
of the circuit and to produce yio. 111. tubular 
"cross-talk." This defect is bridging drop. 
absent from the "bridging" 

type of multiple switchboard. In the bridging 
board the jacks are in multiple instead of in series 
and the "test" wire is entirely separate from the 
line circuit 

198. In the metallic circuit multiple board the wires 
that run through the board for connecting to the spring 
jacks are all twisted in pairs and laid up in oval shaped 
cables. The connections to the answering jacks are 
not generally made permanentl}', but are made through 
an intermediate distributing board (see Fig. 110) by 
which the connections can easily be changed if the 
necessity arises of redistributing the number of 
answering jacks to a section, or, in other words, the 
number of subscribers to an operator. The line 
and clearing-out drops are both bridged across the 
circuit instead of being connected in series. The 
line drops generally have a resistance of about 80 
ohms. The clearing-out drops have a much hv^Vv^x 
resistance, generally about 500 oVvxcv^, ?i.\:A \>cv^ ^'S^'s. 
ure enclosed in a soft iron tube (,Y\^.\W\> V.e» v^<i^^^^^ 

J 
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the electro-magnetic effect. As the clearing-out drops 
are left bridged across a circuit on which two sub- 
scribers are talking it is essential that they should 
have high resistance and self-induction in order that 
they may not shunt the telephonic current. Some- 
times the same drops have been used both for calling 
and clearing-out, but in busy exchanges this is con- 
fusing to the operators, and it is better to have 
separate clearing-out drops in the connecting cord 
circuit. 

199^ The multiple system has an infinity of com- 
plicated details, some of which are constantly being 
changed and improved on, so that the foregoing is by 
no means a complete description; it is merely intend- 
ed to give an idea of the general method of operation. 

200. The Law system, which is used on a large 
scale in Philadelphia and in St. Louis, differs from the 
Western Electric in employing no drops. Every sub- 
scriber is connected to a calling wire by which he 
speaks directly to the operator, telling with what num- 
ber he wants to be connected; when the conversation is 
finished the operator is advised in the same way to 
take down the connection. The calling wire serves 
a number of subscribers' stations connected in series 
and is distinct from the subscriber's wire proper. 
The switchboard is multiple, with very small jacks 
Bfi vertically in a table instead of in the usual hori- 
7jontSL\ tiers. Remarkably quick service can be given 
by this system, but it is not used in many places. 



CHAPTER XXXVn. 

SMALL EXCHANGES. 

20L For small exchanges to serve the different 
departments of a large buihling, if an operator is 
employed, the standard board already described is 
the best. Where it is desired to connect up a num- 
ber of offices so that each can call any of the others 
without the use of a central switchboard, what is 
called the "speaking tube" system is used. The 
name does not imply that speaking tubes are used in 
any way, but the system gives service in situations 
where speaking tubes would otherwise be depended 
o/j, hence the name. 
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203. Each Htation is provided with a transmitter 
&Qd receiver and the uaual automatic switch, ti'sides 
which a cord is attached to the telephone circuit for 
connecting to the various tines by means 
of the plug in which the cord terminates. 
Above the telephone is placed a switch- 
board having as many sockets as there 
are lines and a push button for throwing 
the battery to linn. Fig. 112 shows the 
usual form of wall speaking tube set and 
Fig. 113 a more recent style in which a 
switch is substituted for the cord and 
plug. The battery is placed at a central 
point and is common to all the stations. 
By means of the push button it can b« 
used to ring the bell at the station that 
it is desired to call. As many wires as 
SPEAKING there are stations are 
TUBK SET. pyp round the entire 
route, and two wires from the bat- 
tery are also taken past every sta- 
tion; one of these is the battery 
wire proper and the other a com- 
mon return wire for both bells and 
telephones. From the battery 
wire a tap is taken to the push but- 
ton at every station, and from the 
common return wire a tap is taken 
to one side of each bell and to one 
side ot each telephone circuit. 
The other Bide of each telephone 
circuit Is permanently connected 
to its proper wire, and from every 
line wire a tap is taken to its cor- 
responding socket at each of the 
little switchboards. When one 
station wishes lo call another he 
puts his plug in the socket of the 
desired number and presses the 
button, which throws battery on ,„ , 
the lino connected and rings the '^ 
bell. No annunciator drops are *1 
needed, as when communication 
is obtained the calling jMirty states 
who he is. Fig. lU in a diagtiim ol Xfe"; ■; 
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a station on this system. It is well adapted for pro- 
viding? communication for from ten to twenty stations 
in a building; for any greaternumber the expense and 
complication of the wiring render it unsuitable. 
Pig. 115 shows a neat form of desk set for the speak- 
ing tube system. The switch can be used as a base 
or placed in any convenient position on the desk. 



CHAPTER XXXVIII. 

PARTY LINES. 

203. The arranging of a number of telephone 
stations on one circuit is by no means a simple prob- 
lem, and when it is required that any station shall be 
able to call up any other while attracting the at- 
tention of none but the station called, it becomes an 
exceedingly difficult one. This would be the ideal 
party telephone line, but it has not yet been reduced 
to practice. To the connecting of telephones in 
series there is a limit very quickly reached, as the re- 
tarding effect of the magneto bell magnets soon cuts 
down the transmission below the working point. In 
good practice telephones are never connected in ser- 
ies, but always in *'bridge" or multiple arc; the instru- 
ments are bridged across the circuit if metallic, or 
legged on to ground if grounded. 
. 204. The bridging bell. Fig. 116, invented by J. 
J. Carty, was designed especially for this kind of 
work, and is successfully used to-day on party lines 
having from 10 to 30 or more stations. The magnet 
coils of the polarized bell are wound to 1000 ohms with 
No. 33 wire, giving a great number of turns. The; 
magnet cores are longer than in the ordinary bell. 
(See Fig. 117). These magnets have a very high self- 
induction and when placed in bridge across the circuit 
thoir retardation is so high that the telephone cur- 
rent has no tendency to enter them, but passes along 
the line. As many as twenty of these electro-mag- 
nets have been bridged across a long distance circuit 
between New York and Boston without producing 
any appreciable effect on the transmission. The gen- 
erator is wound to a low resistance in order to supply 
sufficient current to ring a number of bells. When 
a call in sout every bell on the \\uvi v'm^^^, vxw^ \,vi ^w 
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tinguish which station is wanted a code of signals is 
used. The generator is usually provided with the 
style of automatic cut out shown in Fig 70, and the 
signaling can be done very well by giving the crank 
sharp, quick turns to make the dots and dashes of 
the signal calls. Sometimes the generator is not fit- 
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DIAdllAM OF CONNECTIONS, SPEAKING TUBE 
SYSTEM. 



led with an automatic cut-out, but the generator cir 
cuit is left normally open and a key or push button 
is placed at the side of the box for closing it. The 
signaling is then done by turning the crank steadily 
with one hand and tapping out the combinations on 
the key with the other; it requires some knack la da 
this successfully, and the auloxcvAWc <!,wVviw\»\'$»\>^'^V- 
erable. Besides its elcclncvxV \x<V\?k.\\\>?v.^jv>^s» QNvt^ n^^ ^"^' 
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dinary form of magneto boll the bridging bi;ll gives 
» simpler mechanical arrangement, owing to Its 
fewer parts and permanent connections. By the dia- 
gram of connections, Fig. 118, it will be seen that 
the polarized bell ia permanently connected across 
the circuit, and thai the automatic switch has no 
lower contact. The switch merely throws the talk- 
iDg circuit to line and closes the primary circuit. 
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20S. Although the bridging bell provides a means 
of operating a number of telephones on a single line, 
it still has the disadvantage that the calling signals 
are heard at every alaUon. What is really required 
In telephony is a system of Individual or selectivfl 
signaling which would enable any station on a partj 
line to call any other without disturbing the reat. 
Many inventors have turned their alWnUon to thta 
problem, and T. I*. lAiekwood Hnnou«ce4 miv'-'O** 



PARTY LINES. 139 

before the American Institute of Electrical Engln- 
eera, read in 1892, that between January 1879 and 
December 1801 no fewer than 1G1 American patenti 
were taken out for systems of selective eigcals for 
telephone lin PS Mo&t of these d" vice a are eitremely 
complicated almost all of them are inoperative aad 
none has come into gfntral use 




200. A comparatively simple and quite eflScient 
aeiective aignai which is used to a limited extent in 
England is based on the pendulum principle, applied 
some yeara ago by Bizot to telegraph work. The 
signaling apparatus consists'of two penduiutna, one 
the receiver and the other the transmittftt, 'Ctsa^tW. 
has a fixed bob, which is But »\, * 4\tt«Tew.\. V*\*^^-\»"^^ 
each Hiatioii; the rod ia aUwiXwA to Vn-t ««»»-'-"*^* "^ 
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ftn eleolro-magnL't. Thr second or fronsmitting 
peniliiluin hHB a muvabl<! bob. which can be adjusted 
al aiij- requin.'d height on the cod; when set in vi- 
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full amplitude of vibration it closes a local bell cir- 
cuit. The rod of the transmitting pendulum is marked 
80 that it can be seen at a glance where to set the 
bob in order to call any particulai station. This 
selective signal works very well, but is only adapted 
to a very limited number of stations. 

307. The need for a simple and efficient system of 
selectively operating a number of 
telephone stations on a single 
circuit is obvious. Even in the 
busiest centers the average num- 
ber of times a subscriber's line fig. 119. double 
is used in the day does not exceed plug. 

15 or 16, and in small places the average use is not 
more than one-third of this; so that on an average 
each line is actually occupied from half an hour to 
two hours of the twenty-four. Any system that, 
without being too expensive or complicated, will 
enable the work to be more evenly distributed among 
a smaller number of wires has a distinct field awaiting 
it. Such a system would also be extremely useful for 
small groups of from 20 to 40 or 50 subscribers where 
an exchange could not be profitably worked. 



CHAPTER XXXIX. 

LONG DISTANCE TELEPHONY. 

208 Long distance telephony has reached its 
greatest development in this country. During the 
last eight years a magnificent plant has been built 
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FIG. 120. DIFFERENT METHODS OF CONNECTING LINES 
THROUGH REPEATING COILS. 

up which provides peilect \,^\^\>\vciwvi ^<^\^\s^>x^NR.'*i^^ 
between the principal lowii^ *\tv ^^-« ^<^^^> '^'^ ^^^ 
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England states, Pennsylvania, New Jersey, Maryland, 
etc., and during the last two years the system has 
been pushed West, culminating in the magnificent 
telephonic feat of connecting Chicago with New 
York and Boston by the talking wires. Chicago will 
soon no doubt form an important centre of long dis- 
tance telephone communication between important 
towns in the West. 

209. The system of the long distance company is 
based on rigorous metallic circuit working and high 
grade construction work throughout. The lines are 




FIG. 121. STANDARD REPEATING COIL. 

all carefully constructed copper metallic circuits. 
Thirty-five foot poles are used, set 130 feet apart. 
The cross arms are 10 feet long by 3i in. by 4 i in. 
They carry 10 insulators each and are attached to the 
poles with iron bolts and supported by iron braces. 
The cross arms are placed one foot apart and the 
^ poles are set G feet in the ground (G^ at curves), so 
that on a line carrying 20 circuits (40 wires), the low- 
est arm is 25 feet above the ground. Every tenth 
pole in the line is provided with double cross arms 
carrying transposition insulators; at each of these 
poles some uf the circuits arc trai^^pos^Oi Vo ^t^n^^\ 
inductive disturbancQH in the cucuVU. ^^^^ Qi\vw^. 
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28.) The standard size of wire is No. 12 B. W. G. 
(104 mils), weighing 166 pounds to the mile, resistance 
5.2 ohms per mile. 

210. All of the central office apparatus used in the 
long distance system is connected in bridge, to pre- 
serve the balance of the metallic circuits. For put- 
ting up connections special switchboards equipped 
with double spring-jacks, one for each wire of the 
circuit, are used, with twin plugs made bj' mounting 
two plugs in a flat hard rubber socket. Fig. 119. The 
transmitters used have already been described. (See 
Chapters 15 and 16.) 

211. When a long metallic circuit is joined to a 
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PIG. 122. DIAGRAM OF CONNECTIONS OP REPEATING 

COIL. 

grounded line the connection is not made direct, but 
through a repeating coil. This is done to prevent 
the balance of the circuit being destroyed by an un- 
even arrangement of the lines. The repeating coil is 
also beneficial in reducing disturbances on the lines 
in other ways. It has been found that a short line 
subject to disturbance if joined to a long metallic 
circuit will cause the whole line to become noisy and 
difficult to talk over. By making the connection 
through a repeating coil the disturbance is elimin- 
ated and a quiet line lhTO\\^\vw\\. *vs» <:J^V^vcvfc^- ^^?''*' 
diagrams A, B and C m ¥\^. \^^ ^\v«^ ^^^'^ kS^ 
ent ways in which repeaVms ^o\\^ ^^'^ xy?.'^^. 
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resents a metallic circuit connected to a grounded 
circuit, B two local grounded circuits connected by 
a metallic circuit with a repeating coil at each end, 
and (7 shows a long metallic circuit connected to a 
local one through a repeating coil, the local circuit 
being subject to inductive disturbance. The stand- 
ard repeating coil used in this countrj^ is shown in 
Figs. 121 and 122. It has a closed core formed of a 
bundle of fine iron wires with the ends spliced to- 




PTG. 123. DUPLEX TELEPHONY. 

gether; one-half of each coil is wound on each side 
of the core, there really being four coils, the two in- 
ner and the two outer being joined in series. The 
resistances of the coils are 110 and 174 ohms, there 
being in all 10,000 turns of No. 30 B. & S. wire. 

212. The New York-Chicago line is the longest 
telephone circuit in the world and far exceeds in its 
electrical conditions what was previously thought to 
be the possible limit of telephonic transmission. The 
speaking Is so good that conversation can be carried 





FIG. 124. MULTIPLEX TELEPHONY. 

in a whisper between the two cities. The line is 
)Ut 950 miles long. The wire used is No. 8 B. W. 
(165 mils), weighing 435 pounds to the mile, resis- 
ice 2.06 ohms and capacity .0158 microfarad per 
lile. The total weight of copper used in the circuit 
over 400 tons. The total surface exposed by the 
ires is 433,000 square feet. If flattened out, the 
. 1900 miles of wire would make a copper sheet .04 
'fnch thick and over 660 feet square. A special cir- 
ffJ^'t of the same wire has recently beeu \)\V\\t ttoxcv 
^ew York to Boston, io give the latter c\\.y \e\^- 
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phonic communication with Chicago. The line 
from Boston to Chicago is over 1200 miles long and 
the circuit includes several miles of underground 
and Buhmarine cable. 



CHAPTER XL. 

DUPLEX TELEPHONY. 



213. Although methods have been devised for du- 
plexing telephone lines, they are not used in general 
practice. In the situations where such arrangements 
would be most useful and profitable, that is, on long 
and expensive circuits, they are not practicable, as 
the apparatus for duplexing cuts down the transmis- 
sion on the second circuit too much. The method 
of duplexing a metallic circuit telephone line con- 
sists in the use of a second grounded circuit, so ar- 
ranged, by means either of repeating coils or of resist- 
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FIG. 125. USE OF CONDENSER AS TELEPHONIC SHUNT. 

ances, that the currents from the two grounded sta- 
tions divide equally between the two wires of the 
metallic circuit and do not affect the metallic sta- 
tions. 

214. The diagram shown in Fig. 123 gives a clear 
idea of a duplexed telephone line on the Wheatstone 
bridge or resistance principle invented by Frank 
Jacobs. TB and 2^4 are two telephone stations 
connected by a metallic circuit. Connected beyond 
each station are four resistance coils, ii? 1, 2, 3 and 4. 
The resistance of i?l and i?2, and 7^3 andi?4, must be 
equal, but all four need not be of equal resistance. 
These coils are joined to each wire of the circuit and 
the two at either end are joined together; to the 
junctions of the pairs of coils are connected two 
grounded telephone stations Tl and T2. The res>\s.- 
tance of the coils mv\s\j be \v\^^^ X^cv'^.w "C^'^s.x^ 'CkV "C^'?^ 
line, so that the grealeT \^tovotWow ^\ \Xv^ ^'^^^Itl^'t" 
from m and T\ nvVW p^^^^ *^\oYv^^^^^^^^x^^^'^^^^^^ 
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around tho coils. The currents from Tl and T2 
split equally between the coils and lines and produce 
no sounds in T3 and T4y as tl e divided currents neu- 
tralize each other in those telephones. 

215. The second diagram, Fig. 124, shows a mul- 
tiplex arrangement of eight stations on two circuits. 
In practice the transmission between Tl and T2 and 
TH and 2'4 would be poor, owing to the amount of 
resistance interposed. If condensers were connected 
to all the resistances in the manner shown in Fig. 
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FIG. 120. VAN UYSSELBERGHE'S ANTI-INDUCTION 

DEVICE. 

125, so as to act as telephonic shunts, the transmis- 
sion would be improved. 



CHAPTER XLI. 

SIMULTANEOUS TELEGRAPHY AND TELEPHONY. 

^JO. The system of working te\ep\\onvi^ o\i \e\^- 
srrapIiJc circuits, invented by t\\e \^\>^ ^t. N«^a\ 
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Rysselberghe, of the Belgian telegraph service, 
is" extremely ingenious and quite effective. He 
was led to devise it by the success of his 
experiments for the lessening of induction be- 




FIG. 127. SIMULTANEOUS TELEGRAPHY AND TELE- 
PHONY. G C LINE CONDENSERS, ROE C\ LINE 
RETARDATION COILS, K K2 TELEGRAPH KEYS, 
B E2 RELAYS, T JB TELEGRAPH BATTER- 
IES, C2 C^ CONDENSERS IN BATTERY 
CIRCUiT, R C2R Cz RETARDATION 
COILS IN BATTERY CITCUIT. 

tween telegraph and telephone circuits. By insert- 
ing an electro-magnetic coil in a telegraph circuit be- 
tween the line and the key and another similar coil 
and a condenser in the battery circuit, Mr. Van 
Rysselberghe produced his anti-induction arrange- 
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FIG. 128. SIMULTANEOUS TELEGRAPHY AND TELE- 
PHONY. 

ment. The retarding effect due to the electro-mag- 
netic inertia of the coils prevents the currents from 
either gaining or losing their full strength suddealyv 
a gradual rise and f aW m ^Xtv^y\?,V\\ VvCvCxw'^ ^^^^. ^^V. 
Btead. The condenser, nv\\\cYv \^ Ocv-dx^^^ ^^^^ ^^^^^ 
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closing of the koy and discharged to line at each 
opening, aids in checking the abruptness of the tele- 
graph signals. This arrangement of apparatus, 
shown in Fig. 126, resulted in greatly reducing the 
induction between a telegraph line so equipped and a 
neighboring telephone line. It then occurred to Van 
Rysselberghe that by connecting to the telegraph 
line, between the first coil and the key, a condenser 
and joining the second plate of the condenser to a 
telephone, conversation could be carried on over the 
telegraph line, as the flattened out telegraphic cur- 
rents would not affect the telephones and the minute 
telephonic currents would by no means interfere 
with the telegraph apparatus. The idea was en- 
tirely successful. 

217. The complete arrangement of a line eqiupped 
for simultaneous telegraphy and telephony is 
shown in Fig. 127. The diagram. Fig. 128, shows 
two grounded telegraph lines arranged to give a me- 
tallic circuit telephone line; the squares marked T8 
represent telegraph stations equipped as in Fig. 127. 
This system, while not adapted for long distance 
high speed telegraphy, is used very successfully in 
Europe on circuits of considerable length. 
High speed telegraphic transmission is not possible 
because of the retarding effect of the anti-induction 
appliances. Nevertheless, the system is in many 
cases easily applicable, and as it obviously greatly in- 
creases the earning capacity of a circuit this is a 
strong point in its favor. 
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Handy Information For Telephone Men. 
electrical units. 

RESISTANCE: The true ohm is the resistance of 
a column of pure mercury 100.27 centimeters (41. 
839 inches) long, with a cross-sectional area of 1 
square millimeter (.00155 sq. in.). 

ELECTROMOTIVE FORCE: The volt is the 
electromotive force that, acting on a resistance of 
one ohm, will produce a current of one ampere. 

CURRENT: The ampere is the current produced 
in a circuit having a resistance of one ohm by an 
electromotive force of one volt. 

ELECTROSTATIC CAPACITY: The farad is 
the capacity of a condenser, that, charged by one 
volt, will hold one coulomb. (1 coulomb=l ampere 
for one second. 

THE MICROFARAD=one-millionth of a farad 
and is the practical unit of capacity. 

THE MEGOHM- one million ohms and is used 
in expressing insulation resistance. 

COPPER. 

The specific gravitj' of copper is about 8.88; 
weight of one cubic foot 555 lbs. 

The weight of a copper wire in pounds per mile is 
found by squaring the diameter in mils and dividing 
by 62.57. 

The resistance of hard drawn copper wire at 60 
deg. Fahr. is found by dividing the weight per mile 
into the number 890. 

One mil=one-thousandth of an inch, or .001 inch. 

The resistance of copper wire increases .21 per 
cent., approximately, for each degree Fahrenheit in- 
crease of temperature, and it diminishes in the same 
ratio for each degree fall of temperature. For in- 
stance, a wire which has a resistauee ol VQft c^V^sss."^ 
60 deg, win have 102.1 oYyttvs a,\, ^Q ^^l^^. <axA\ss^v^"\^ 
ohms at 50 deg. 
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INSULATION RESISTANCE. 

The resistance of insulating materials is oppositely 
affected by change of temperature, increasing for de- 
crease of temperature and diminishing for increase. 
The results of variation of temperature vary widely 
with different insulating materials. With fibrous ma- 
terials, such as are generally used for telephone 
cables, a rise of 10 degrees in the temperature, say 
from 60 deg. to 70 deg., about halves the insulation 
resistance. This, however, applies only to treated 
cables, not to "dry core," which is not affected by 
temperature variations. With rubber insulation the 
fall of resistance for rise of temperature is not so 
precipitous as with materials treated with oils or 
with paraffin. 

The required minimum insulation resistance for 
undergrounnd telephone conductors is 500 megohms 
per mile; the results obtained in practice are always 
much in excess of this, and a dry paper or cotton 
insulated cable that showed an average insulation 
resistance of only 500 megohms per mile would be 
considered defective. 

The insulation resistance of submarine conductors 
is required to be not less than 300 meoghms per mile 
at 60 deg. F. 

ELECTROSTATIC CAPACITY. 

The capacity of overhead copper wires suspended 
at a height of 30 feet above the ground is approxi- 
mately as follows: 



Diameter of Wire in 
Mils. 


Capacity per Mile in 
Microfarads. 


80 
104 
165 


.0144 
.0148 
.0157 



On a pole line carrying a number of grounded cir- 
cuits the capacity of each wire will be about 5 per 
cent, higher. The capacity of iron wires is about 10 
per cent, higher than that of copper. 

The capacity of underground conductors varies 
from about .17 microfarads per m\Ae \w VVv^ c.?cs^ ol 
treated cables to about .08 microl'drdOis v^v m\\^ Vsx 
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the case of dry core cables. In specially constructed 
cables, using a No. 19 (35.9 mils) conductor and dry 
paper insulation, a capacity of less than .07 micro- 
farad per mile is obtained. 

The capacity of submarine conductors of the 
usual type varies from .3 to .30 microfarads per mile, 
according to the insulating material used and the 
diameter of the core. (The conductor is generally a 
strand of three or seven No. 22 copper wires). 

BATTERIES. 



Gravity 

Open circuit without .depolarizer. . 

Leclanche porous cup 

" agglomerate forms 

Fuller bichromate 
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.25 to .5 
.5to2.0 
.25 to .5 
.3 
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The electromotive force of open circuit batteries 
falls to about 1 volt within a short time when work- 
ing on from 5 to 10 ohms external resistance. 

Dry batteries polarize very quickly on low resis- 
tance and have a very irregular internal resistance. 
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Underground wires, cables 149 

conduits 152, 169 

Undulatory currents 14 

Walker-Swinton magnetic call 127 

Wiring of large buildings 167 

Wires, iron 139 

•' copper 140 

'• hard drawn copper 142 

joints in 144 

'* underground 149 

•' twisted in pairs 151,157, 198 
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ELECTRIC TELEPHONES. 

\^E ARE 

headquarters 
for Telephone 
Receivers,' (SI 
each,) Trans- 
mitters, Mag- 
neto Call 
Bells, Exfen- 
1 Bells and Complete Tele- 
phone Outfits. Orders for 
Parts of Telephone Apparatus will 
be filled at moderate prices. The 
Switches attached to our Magneto 
plkr».85 Bells are non-infringing, and accom- 
plish the changing of resistance as perfectly as any 
system in use, 

ELECTRICAL SUPPLIES 
Of every description furnished at lowest prices. 
■ We are manufacturers, consequently can offer 
very low prices for supplies in quantities. 
MESCO DRY BATTERY. 
Nearly 300,000 in use. The best and cheapest 
Open Circuit Battery on earth. Price reduced. 
Write for catalogue. 

MAHHAHAH ELECTRICAL &(iWy^ m.. 




THESE ARE SOME OF OUR 

INTERIOR SPBCIALTWS, 





Each 'Phone Itself a Central Station. 
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fringing— wo guan 



THE OERSON ELECTRICAL COMPANY, Mfrs., 

S0P Sansom Street, PAJtadelphla, P«. 

(ii) 
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TO TELEPHONE COMPANIES. 



knova low lateniBl 



■djngtmeot until the c 



mpllihed by u-lna. 
cell to be at all aat.i 

Dw latemal rei'lBtai: 



Bhioh give, sa ample and nnKo 
ea the fewest InterruptlonH, ai 
■ gWen Ifme. Is, of corn™. 1 



LAW BATTERY COMPANY, 

8S JOHN STREET, - - ^«^ X^«*- 



-WIRES- 



Works and Main Office: 
GLENWOOD. YONKERS, N. Y.. U. S. A. 
Branch Office, 315 riadison XveMNc'wNoTV.* 

(iv) 



Telephone Wires. 

aiBfl'le, Twlatsd PklTi, Oroopi of Vour or More. 

Telephone Cables. 



INSULATION, S'-s- 




KERITE Tf\PE. 

WBITB FOB PB10H8. 

W. R. BRIXEY, nanuf»cti.rer. 

20'i Broadway, New York. 

CrSHtNO & HORSE, 225 Dearburo Street, Cblcsgo, III. 



NEWO 

I INCINNATI: Crescbesd EpglQe«rlng Co., 296 Plnm Street. 

NEW ENOLAND AGENTS; The Electric Ohb Lighting Co, 



Sim mwi M knffi^^^ ^^w^sa®^. 




PROTECT YOUR TELEPHONE CIRCUITS 

By the Interior Conduit System, 

making them accessible and avoiding all pos- 
sibilities of crossings with electric light wires. 

The Telephone Exchange Buildings 

in New York and other cities are wired with the 
Interior Conduit System. 



For all information, catalogues, etc., 
address the 

INTERIOR CONDUIT & INSULATION CO., 

// Broad Street, New York, 

(vi) 



THBi SAFETY 

Insulated Wire & Gable Co., 

235 to 339 West 38th Street, 
NEW YORK. 

LEONARD F. REQUA, acNEftaLMANAQER. 

TELEPHONE CABLES, 

Aerial, Rubber Insulation; Papir, Dry and 
Saturated, Lead Encased for Un- 
derground Service. 

SUBMARINE CABLES. 




"SAFETY" Rubber Insulated Wires, Twisted In 
Pairs, for Inside and Distributing Boards. 

Ab Bridle Win inl all kinla wjitind fir Teleplignc Ust 



Xnipp Electrical Woiks, >NeAem t>v«'>''^''^'<'^^'^'>^'* 



GILLILAND TELEPHONE 

COMPANY, 

186-188 Kiftli JL^en-ue, C£CXCJlc»o. a 



Manufacturers, Dealers 
and Contractors. 

We are prepared to install Telephone Exchange 
Plants, build long or short distance Private Lines, 
or equip hotels, factories, public buildings, stores, 
offices and resident apartments with Telephone 
Speaking Tube Systems complete. . 

Our Telephone Set is of improved design and 
guaranteed merit. 

Patent rights protection assured. 

All inquiries relating to Telephones or Telephone 
construction will receive our prompt attention. 

Estimates furnished on application. 

Correspondence solicited. 



Metropolitan Eiectric Company. 

186-188 Fifth Ave., Chicago, 



3OLE8ELUH0 AGENTS. 



The Great Telephone Battery. 

TRADE GONDA I^AI^K. 

The standard Open-Circuit Battery of the World; 

QOLD MEDALS AND HIOHB5T AWARDS: 
Paris, 1878. Paris, 1889. Chicago, 1893. 

Do not waste time and money experimenting with 
Inferior cells. If you want a battery for telephones 
get the best that is made. The Gronda Trade Mark 
Cells are without an equal for telephone work, and 
for all other purposes for which open circuit cells 
are used. Send for circular and price list. 

THE LECLANCHE BATTEBT CO., 

■ 1 1 to 1 17 Bast 131st Street, NEW YORK. 

TESTING OF 

Insulated Wires 

AND 

CABLES. 

By Herbert Laws Webb. 

A NEW BOOK JUST PUBLISHED. 

A. Practical Guide to the Testing of Electric Light, 

Electric Railway, Telephone and 

Telegraph Wires. 



PRICE, POSTAGE PREPAID, $1.00. 



Elecfrician PiiblishiaoL Ca^> 

6 Lakeside Ett\\d\iv^,^>\\^V^^. 



The only general electrical paper in the West. 



HHHn^nMP R^^ches the Western 
nnnUijUrlC electncal readers several 

days in advance of its 
cnckiTinTr contemporaries. 
■jLlLllliriL Has a larger circula- 
tion in the West, North- 
west and Southwestern 

RELIABLE ^*^*^ ^'^^^ ^" 't ^T 

temporaries combmed. 



If you desire to keep abreast of the times 
read the 

Western Electrician. 

Electric Lighting, Electric Traction^ 
Electric Weldings Electric Heatings 
Bee trie Power, Bectric Telephone, 
Bectric Telegraph, 



Sample Copy free; three months, 75 cents; six 
months, $1.50; one year $3.00, in advance. 

PUBLICATION OFFICE: 

6 Lakeside Building, - - CHICAQO. 

EA5TERN OFFICE: 

534 Temple Court, - - NEW YORK. 
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The Hayden Carbon Porous Gup Cell 




))AYDEN-BQQKt?lHS^>^V 



1I10 OeKalb Street. SV . \JSCi». 



